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INTRODUCTION. 


The. inninediaie  purpose  of  tlie  scienee  of  Crystal* 
lography,  r^rded  as  a  branch  of  Mineralogy,  is  to 
teach  the  methods  *  of  determining  the  species  to 
irhkh  a  mineral  belongs,  from  the  characters  ^  of  its 
crystalline  forms.  But  the  science  itself  is  also-capa^ 
ble  of  being  rendered. mcnre  extensively  useful. 

The. crystalline  forms  of  pharmaceutical  prepaiii* 
iions  will  fnriiish  a  certain  test  of  the  nature  of  the 
crystallised  bod  J,  although  it  will  noit  determine  its 
absolute  state  of  purity.  In  chemical  ajialysis,  the 
ibrms  of  crystals,  will  frequently  supersede  a  more 
rigorous  examination  of  the  crystallised  matter;  and 
'Commercial  transactions  in  the  more  precious  mine- 
ral productions  may  frequently  be  guided  by  the 
crystalline  form,  or  by  the  character  of  the  cleavage 
planes,  of  those  bodies. 

It  does  not' appear  in  the  works  hitherto  published 
that  the  connection  between  the  crystal  and  the  miile»' 
rat  has  been  any  where  so  systematically  explained  as 
.to  enable  the  mineralogical  student  readily  to  connect 
■the  one  with  the.  other. 

The  Abbe  Hdiiy's  works  on  crystallography  are  the 
only  ones  in  which  a  truly  scientific  exposition  of  the 
theory  of  crystals  is  to  be  found  ;*  but  by  designating 

*  An  interesting  yolume  on  CrysfallizatiiHi,-  founded  on  the'  Abii6 
ilauy's  tlieory,  was  publisked  in  1819,  by  Mr.  Brochant  deViiUery, 
and  will  aflbrd  the  reader  a  clear  view  of  that  theory,  connected 
with  other  interesting  objects  relating  to  the  formation  of  crystals. 
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most  of  their  forms  by  separate  names,  he  has  pre^- 
sented  those  forms  to  the  mind  rather  as  indepen- 
dent individuals,  than  as  parts  of  such  grouf^  as 
should  render  their  relations  to  each  other,  and  hence 
their  mineralogiea)  relations,  apparent* 

I  have  been  induced,  therefore,  to  attempt  such  an 
arrangement  of  the  various  forms  of  crystals,  as  wi)l 
indicate  their  constant  relations  to,  or  differences 
from,  each  other,  for  the  purpose  of  more  readily  re- 
fiMrring  fiiom  the  crystal  to  tt^  mineral ;  and^this  ar* 
rangefoent  is  contained  in  the  Tables  of  Modificfitioni 
^hfch  will  be  found  in  the  following  pages;*^^ 

Dhe  best  illustration  of  the  manner  in  which  seme 
of  the  fonns  of  crystals  may  be  conceived^  to  be^U^ed 
to  others,  is  a'fbrded  by  the  Abbd  Haiiy';s-  Uieoiy  of 
tlecretn^nt.  That  theory  appears,  hofi^ever,  much 
encutnbered  by  his  adoption  4^* two  kinds^of  mcdecules^ 
and  by  the  ib#ms  which  he  has  assigned  to  particular 
molecules  of  onie  of  thobe  kinds  i  m  consequence* of 
tkn^  I  bate  veriitured  to  propose  a  new  theory,  jn  re- 
ft'rencie  to  s^vel^al  of  Che  classes  of  primary  foropa,. 
-Whinh  ^  tiiay  in  some  respects  be  veganded  as  more 
simple,  and  whiish  forms  the  subject  of  the  section 
on  mfolediles^f  -       . 

*  %tice  t}i6M  tables  wei«  comtnicted  I  have  learded  flhoan  Mc;  Conig 
«f.th^  Bfi|i>li  Museiu;!^  that  he  had. for  aome  t^me  ^ni^crta^ed  an  mten- 
tioaof  framixiga  set  of  tables  nearly  on  the  same  principle:  and  he  has 
shewn  me  a  considerable  number  of  drawings  of  the  figures  of  crystals 
which  were  made  partly  with  a  view  to  this  object,  yet  serving  at  the 
same  time  as  records  of  many  of  the  crystalline  forms  of  nunerals  eoD- 
lained  in  that  rich  cQU^eQtion,  uppn  which  his  attention  is  so  constfmtly 
and  so  .aiuiduously  bestowed. 

+  The  theory  of  spherical  molecules  which  has  I^een  entertained  by 

some  distinguished  philosophers,  has  not  been  alluded  to  in  this  treatise, 

^fc  the  Uws  of  decrement  appeared  more  readily  explicable  o>n  the  iup- 

,|;K>sitiQfa(Qf  the  molecules. of  crystals  bei^g  aolid^.  contained  within  plane 

4ur£ufis«  ,  .      )  ...  ' 
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I  have  also  attempted  to  supply  some  rules  for 

^u^yihg  the  forms  of  crystals,  and  for  what  may  be 

termed  reading  them  ;  which,  although  they  may  not 

enaMe  tfke  learner  to  trace  at  once  the  relation  of  the 

diflerent  crystalline  forms  to  each  other,  they  will 

certainly  assist  him  in  his  examination  of  the  minerals 

(h^^mselves ;  and  it  is  from'  an  attentive  study  6f  these 

that  he  must  at  last  derive  his  best  information. 

From  the  very  elementary  nature  of  some  of  the 
definitions,  it  is  evident  that  the  reader  of  the  earlier 
part  of  the  volume  is  supposed  to  be  unacquainted 
with  the  first  rudiments  of  geometry.  By  being  thus 
dementary  I  have  been  inclined  to  hope  that  crystal- 
lography may  be  rendered  more  familiar,  and  its  prin« 
ciples  be  more  easily  acquired;  and  that  the  young 
collectors  of  minerals  may  be  led  by  these  first  and 
easy  steps  in  the  path  of  science,  to  make  their  collec- 
tions subservient  to  the  cultivation  of  higher  sources 
of  amusement. 

The  description  of  the  principle  Und  of  the  method 
of  using  the  reflective  goniometer,  has  been  mi- 
nutely detailed  ob  account  of  the  importance  of  the 
instrument  to  the  practical  mineralogist,  and  with  a 
view  to  remove  the  impression  of  its  application  to 
die  measurement  of  crystals  being  difficult* 

The  Ahh6  Haiiy  has  used  plane  trigonometry  in 
Ms  calculations  of  the  laws  of  decrement.  The  sub- 
stitution of  spherical  for  plane  trigonometry  in  thi» 
volume,  was  made  at  the  recommendation  of  Mr. 
Levy ;  from  whom  I  have  also  received  many  other 
valuable  suggestions  relative  to  the  methods  pf  cal- 
culation employed  in  the  section  on  calculation ; 
which  it  will  be  apparent  to  the  reader,  is  little  more 
than  an  outline  of  a  method  which  must  frequently  be 
filled  up  by  the  exercise  of  his  own  judgment.  In 
this  as  well  as  in  other  respects  the  mathematical 


•  •  • 

of  minerals  I  wiis  much  aaiwted/%^fairgejtollcMklii. 
of  the  drawings  of  crystals,  which  was  very  kindly, 
lent  ni€j  by  my  friend  Mr.  William  Phillips.     The 

^um}^el:.,^«dHfRRi^JM  ti^%»r}??uW^  ar  tfcia 
cq| Je^^tion , yff^  tl^  inamedj^te.  c^^t^Be  ,^  the  alteHigt^ta 

rf^m^  tlte,  f9rm3  9f,9ry8t8^1s  Ipio  cl^mf^^  ai^  of  ih^i 
<}(Mistructioii,9f  tb^jtaJ^les  of.moilificati/^i^  a}rea4y;i4^-4 
l|i4ed.tQ.  ,  l^ince  that  period^  and  peurticularly  duriq§^ 
tjie  priptii^  of  this  volume,  Mr.  .Phillips  1^  ffci^^ 
qn^ntly  .99si9tfi;4  ^  by  <hi3  comm,uai<^tions  xelatii^e  tQ, 
thf  form^.  the  clea^v^e^  and  the  o^easuremeiUs^  of^ 

During  the  course  of  my  iiives|jga^o)is  ^,  ^yf^fr^- 
qiiently  f^und  it  nece$8ai;y  to  conyult  ;l^M[er  cqUef-v 
%&?..o^ir  WiperaJ*  than  n^y.owii.  Oii<  t^^e, o9ca9ioi|§  , 
IjjM»Ve.«^n^jr»lJ^y  jreferre^  ^9  my  friend  JWn.  Heulap<J„, 
aftd  kl^  l»a|?PX|in  th^.ppi^rtunityflf  acknowledging.! 
tHjre^^ip^??.  ^djtl\9.  Ht^rality  with  which  >e  ^h^n,^ 
injj^riftjjj^y^a^is.tfd  my  view^,  by  permitting  9^  f^cf^s^  ^ 
ataUtiipe^s  to  his, large  ^nd  ^aju^lile. ^a^iu^t^a^^^^ 

iog  specimens  tq  .^ine  iirhicl^  I  coald^  ^ot  .ptheriyise  • 

h^v;e acquired. .,,       .....  :.  :      .       r     ;, 

I  b^y^  aoweM^fi^  .spu^|it^  informa/^jfrojn  the,9^T^^ 

tensive  cabinet  in.  the  Jiriti^  Mf^UQ^»..^gnd.^aYe  ^ 

"^  Mr.  Levyts'^t  pV^ettt  engaged  Ih'atf  ebtiHiiAlba''^^^<ieif6titiH<ln 
or  <»ne  of  the  fiMlt  ttfOfltticiu  biSii^ierftif  rinliM^  Icilg^l^  Mtfcli-lxJ  . 

will  alFord  himiif  coanecting  a  knowledee  of  th4»  forms  of  crvstals  with  ^ 
his  well-kuown  mathematical  attainments,  will  enaoie  Inm  to  convey" 
vlfuabtd  msthictioh  in  (his  depltiihent  cA^t^ielfGi^tftf^hMHo^tiidi^  ' 
obytct  he  intends  to  devote  some.poition  of  his  time  ia  future. 


i« 


lA«%y»  <b«illd  tli^  uUilo^  euaiity  fimMrd^  U  raMtre^ 
1i^  liiebiUtmliitbiiAUy'kiidfrMtidlf  ^Itmtien  ^Ha 
Komn^.  Aftd  I  have  frequently  been  ifiiMil«*«lil»'M 
ttkX).  B.  ^wethy  f6t  iUvfiiniiiiF&upecimem  of  niftier 
rabof  uofr^quelit  occitrrenee»  •      -^ 


I,       t     ■     »|      .    ,    ..      I  1  I      «    I  i      .O        yi       p. 


,      /         <   •    • 


Since  the  committal  of  a  considerable '  |)6rli0n  6f 
ttfese  piige^  to  the  hands  of  tlie  compq^itor/ and'jn** 
debd  subsequently  to  the  printing  a  larg;d  p^rttif  the 
volume,  a  new  edition  ,ha&  appeared  of  the  Abbi^ 
TfaCya  treatise  on  crystallography;  thid  event  was 
Very  soon  followed  by  the  decease  of  the  leiarned 
.author;  and  subsequently  to  his  decease  three  v6- 
liiined  of  a  new  edition  of  hi^  ti^eatise  on  mineralogj 
have  been  pnblish^d :  events  soiutiiuately. Connected 
w;itl^  the  subject  of  this  Volume  that  I  cannot  welt 
pa^s  them  over  in  silence. 

t  am  ferkcily  disposed  id  Ktoncur  in  tlie  public 
eulbgium  Which  had'  been  so  deservedly  passed  upon 
tbe  deceased  philosopher,  for  ha'vii&g  been  the  firiit 
to  elevate  crystallography  to  the  rank'  of  a  science", 
i^nd  to  trace  out  a  secure  path  to  its  attainment;  but 
I  tegtel  tbat  I  cslnnot  agree  in  that  unqualified  ap<^ 
probation  of  his' recent  works' which  some  ofhissur* 
vivltig  friends  hdve  so  liberally  bestowed  tipon  thenil 
i^olr' those  works  will  be  fbiind  to  contain  errors  bt so 
r0marimble  a  character,  as  to  excite  our  surprise 
i^ten  we  recollect  the  generally  accurate  tod  eniight* 
eliedjudgiaielkt^  or  the  author. 

IJpoo  these^  as  criticism  can  no  longer  r^dch  thenar 
of  tl^  autbor,  I  6hall  oiTer  but  few  remarks.    * 

Ofie  of  his  sources  bf  error  may  be  discovered  ii^  Ail 
a|(pareittly  groundless  notion  which  his  tbeorjr  em-f 
blace^,  Ittfit  Mature  has  imposed  limits  to  the  angles 


fc  JfniroditcH^ 

ft  wbich  the  primHTy  plan^  of  q^^MJi  u^i^t^^^  ^ 
other*.    And  some  of  the  mistakes  which .  prigjfNit^ 
from  this  supposition  are  so  jinportaiity  a^  to  c^  ft 
•ha4e  of  disconfid^m^  over  his  det^nwii^tUon^Tebutiif 
to  the  primary  forms  of  crystals.  >  t  ^ .  t 

His  inaccuracy  with  respect  to  the. angle  o^  ^c)H>r 
Bate  of  lime  is  a  well  known  example  of  oqo  of  thesis 
theoretic  errors. 

His  inaccurate  measurements  of  many  oftheapgle^ 
of  crystals,  have  probably  been  occasioned .  by  the 
comparatively  imperfect  instrument  with  which  thosp 
measurements  were  taken.  That  he  should  Imvecofif 
tinned  to  prefer  this,  to  the  more  perfect  goniometer 
invented  by  Dr.  WoUaston,  may  possibly  have  h^^^, 
owing  to  the  decay  of  sight  incident  to  his  period  o^ 
life,  and  to  that  dislike  to  change  which  so  freqveiqtljf; 
accompanies  advanced  age. 

But  some  of  his  inaccuracies  are  independent  botH 
of  his  theory  and  his  goniometer,  and  it  wou^d  al,ni|Dst 
appear  that  he  had  occasionally  written  from  the  4\9:^ 
tWtes  of  his  fancy,  without  examining  .the  minerals  1^ 
has  described.  , 

The  resemblance  he  imagines  to  exist  between  tb? 
crystals  of  bournonite  and  those  of  sulphuret  of  anj[i«> 
mony  is  an  instance  of  this  nature;  and  on  spm^  of. 
his  figures,  as  those  of  wolfram,  and  some  of  thpse 
which  he  has  still  retained  as  stilbite,  although /tjhey 
belong  to  a  distinct  species  of  mineral  to  which  I  havQ 
given  the  name  of  heulandite,  he  lias  placed  imagi- 
nary planes  which  have  no  existence  on  the  crystals 
themselves. 

His  persisting  in  the  identity  of  the  angles  of  jtfae 
primary  forms  of  carbonate  of  lime,  bitter  sp$ir,  and 
carbonate  of  iron,  if  he  has  really  been  deceived  by: 
his  goniometer,  evinces  a  carelessness  in  th^  use  o^ 
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ihst  ifistlrimrent  which  must  still  fhrther  diminish  our 
ecnfidence  in  his  results. 

Dr.  Walfaston  in  the  year  1813  discovered  ihat 
these  srpecies  differed  from  each  other,  and  noticed 
their  differences  in  a  paper  published  in  the  Philoso- 
jttleftl  Transactions  for  that  year.  He  found  carbo* 
tkte  of  lime  to  measure  105*5' 
Bitter  spar  •.••••  106'] 5" 
Carbonate  of  iron  107' 
'  Notwithstanding  thediscovery  of  these  facts,  which 
hare  been  so  frequently  verified  bj  subsequent  mea- 
sdrisments,  the  Abb6  Haiijr  has  not  only  continued  to 
insist  on  the  superior  accuracy  of  his  own  measure* 
mexits,  but  discusses  through  several  pages  how 
if  could  have  happened  that  the  iron  should  have  dis« 
placed  the  lime  in  the  crystals  of  carbonate  of  irony 
which  his  original  error  has  led  him  to  regard  Bspseu* 
domorpkous ! 

With  uU  the  faults,  however,  which  the  late  Abba's 
woHcs  contain,  many  of  which  we  must  in  justice  to 
his  better  judgment  ascribe  to  feelings  of  a  personal 
nature,  those  works  present  to  the  reader  truly  phi- 
losophical views  of  the  sciences  of  which  they  treaty 
and  they  cannot  be  perused  without  frequently  afford- 
ing him  both  gratification  and  improvement. 
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Tne  object  of  the  science  of  Crystallography, 
^ilgtrded  as  a  branch  of  mineralq^y,  is  to  trace  and  to 
demondtrate  those  relations  and  differences  between 
the  various  crystalline  forms  of  minerals,  by  means  of 
which  we  ar6  enabled  generally  to  discriminate  the 
different  species  of  crystallized  minerals  from  each 
other. 

A  crystal^  in  mineralogy j,  is  any  symmetrical  mineral 
solid,  whether  transparent  or  opaque^  contained  with- 
in plane,  or  sometimes  within  curved  surikces. ' 

These  surfaces,  as  a^  &,  e,  fig.  1.,  are  called  pfa/ics 
or  faces. 

:.     Fig- 1-     : 


The  exterUr ''planes  of  a  crystal  as  th^y  occUr  in 
nature,  yi^^^fidJ^diM  naU/trnl planes^    •  ^  .        ,-^ 

Crystals  mfty  BOraeitim^.8  be  split _f t\:.  dir€f;]^n8 
parallel  to  theii  aatura}  j^anesy  aad^  fr«q»ent)y  in 

other  direcjtfPRP. .  .  .* 

The  splittmgf^  epystdl  in  any  dit^etjon,  so  as  to 

obtain  a  new. plane,  is. termed  ck0ving My  a^d^the 

crystal  is  said  to^  hAve^a  e/eaziid^  f tt  tb^, '^^ectio^  in 

which  itmay  be.so  splUr..  ;  .:  »     i         : -i 

The  pknes  prdfluced  by  (^kavin^  ax5'|!j^|a}  ar9  called 
its  clemagPijihmm > >  •  ••«'      v' >  \-  '  >*". .*"«-.; u.  w.       ,  -  *  . 

An  €rfg4  ^;^rf  fig,  1,  iia4hfi.)ii^,pf»4«ced  bjflthe 
meeting  of  two'planes.  :•    *     «  *  k  -' 


'•"♦»* 


2  DEFINITIONS. 

A  plane  angles  or  as  it  is  more  commoRly  terracd^ 
an  anglcy  is  formed  by  the  meetiog  of  any  two  lines 
or  edges.  The  angles  doe,  ^og^  fig.  1.  are  formed 
by  the  meeting  ofVlrfclfiies  <So,  o'^  and  do,  og\ 

A  solid  angle  is  produced  by  the  dieetingof  fAreir  or 
more  plane  angles^  as  at  o,  fig,  1. 


The  measure^  or,  is  it  is  sometimes  termed,  the 
value  of  an  angle,  is  the  number  of  degrees,  minutes, 
&c,  of  which  it  consists ;  these  being  determined  by 
the  portion  of  a  circle  which  would  be  intercepted  by 
the  two  lines  forming  the  angle,  supposing  the  point 
of  their  meeting  to  be  in  the  centre  of  the  circle. 

For  the  purpose  of  measuring  angles  the  circle  is 

divided  into  360  equal  parts,  which  are  called  degrees ; 

each  degree  into  60  equal  parts,  which  are  called 

fhinutes^;  and  each  nfiiiiite  ihto  60  s^oMbi  'tfnd  these 

divisions  are  thus  d«sigiiftted ;  SB0%  to^,  Wf-^^JQk^  * 

'iii^iiyinl!;  degrees,  th^ '  minutes,  the  '^  siecohds. 

"  If  I  ^yfithe^clitlie,  dr'9J9',  be  intercepted  %  the  tW5 

lines  a  0,  o  6,  fig.  S,  which  meet  at  Bh  'Mgle^ti  o  fr  iii 

'the  i^eiftrl^,  tho^e  tin^s  nai^e  pe^^diculfiir  to  ^ch 

dtber,  and  the  atigle  Ht  ^idh  th^y  m^et  i%  littid  1t> 

•iheasufe  90%  ahd'is'termed  a  n^A^a)fg*/e• 

If  less  than  |  of  the  circle  be  to  iiltlirei*^«d,  ii^^by 
VkelhSS^dby  oc,  flieahgl^  Abe  i^iUnigs^timlJe^s  t%an 
90*,  and  is  said  to  be  acuie.  If  it  lil^ttt^ttrd  ihore  thdfa 
90",  ak  It  Would'if  the  angle  Were  formed  by  the'llnes 
aoy  oCf  it  is  called  obtuse.  * 


i>«jBi^iTiprri^4  9 

Tito  Itn^fi  mOf^bfOraOpO  Cy  0vh  0,  e  e^  are  9oin0ttiiicii 
9aid  ioi  eoniaifi  a  rigbl>  an  obtuse,  qf; an  acute  angle.' 

In  fig.  I,  the  plane  dy  and  thai  oil  ij^Uch  t&e  tlgnr6 
is  supposed  to  rest,  are  called  sutntnUsj  or  basa^  at 
terminal  planes,  and  the  planes  b  and  c,  with  those 
parallel  to  them,  are  termed  lateral  planes'. 

The  edges  of  the  terminal  planes,  as  d^  e^  m,  it, 
fig.  ],  are  called  terminal  edges. 

The  edges/,  g^  hy  produced  by  the  meeting  of  the 
lateral  planes,  are  termed  lateral  edges. 

The  planes  of  a  crystal  are  said  to  be  similar  when 
their  corresponding  edges  are  proportional,  and  their 
corresponding  angles  equal« 

Edges  are  similar  when  they  are  produced  by  the 
meeting  of  planes  respectively  similar,  at  equal  angles. 

Angles  are  similar  when  they  are  equal  and  con- 
tained within  similar  edges  respectively. 

Solid  angles  are  similar  when  they  are  composed  of 
equal  numbers  of  plane  angles,  of  which  the  corre- 
sponding ones  are  similar. 

Fig.  3, 


An  equilateral  triangle^  fig,  S9  is  a  fig:ure  contaiaed 
wjthin  three  equaJ  sides,  «jad  cpntaining^thre^.eqill^ 

angles. 

Fig.  4. 


An  isosceles  triangle,  figr  4,  has  two  equal  sides, 
a,  6,  which  may  contain  ei^er  a  right  afgje,  or  m 

a2 


4  BfePtKiTtbtfB. 

Woniky  or  obtiiBe  angle.  If  the  conteilied  angle  be 
less  than  a  right  angle,  the  triangle  is  called  acute^ 
but  if  greater,  it  is,  called  oi/M^e..  The  line  on  ivhich 
c  is  placed  is  called  the  6as€  of  the  triangle. 

\  Fig,  5. 


A  scalene  triangle^  fig*  5,  has  three  unequal  sides^ 
and  contains  ihree  unequal  angles. 

Fig.  6.  . 


i..  •-..-.  . 

A  square^  fig.  6,  has  four  equal  sides,  c<^itaining 

four  right  angles. 

Fig.  r. 

— ^ 


A  recidngtey  fig.  7/  has  its  adjaceht  sides,  a  and. &, 
unequal,  the  foiir  contained  angles  being  right  angled. 

Fig.  8. 


A  rkomb^  fig.  8,  has  four  equal  sides,  but  its  ad- 
jacent angleis,  a  and  fr,  unequal. 
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Fig.  9. 


r^ 


An  oblique  angled  parallelogram^*  fig.  9,  has  its 
opposite  sides  parallel,'  but  its  adjacent  sides  a,  A,  and 
its  adjacent  angles,  Cy  dy  unequal. 

Where  certain  forms  of  crystals  are  described  with 
reference  to  the  rhomb  as  the  figure  of  some  of  their 
planes,  they  are  termed  rhombicA 

A  parallelopiped  is  an}'  solid  contained  within  three 
pairs  of  parallel  planes. 

Crystals  are  conceived  to  be  formed  by  the  aggre^ 
gation  of  homogeneous  molecules,  which  may  be  again 
separated  from  each  other  mechanically,  that  is,  by 
splitting  or  otherwise  breaking  the  crystal. 

These  molecules,  which  relate  properly  to  the  crj/S' 
ial,  iiuist  be  carefully  distinguished  from  the  element 
tary  particles  of  which  the  mineral  itself  is  composed. 

Sulphur  and   lead    are    the    elementary  particles, 
which,  by  their  chemical  union,  constitute  galena;  . 
but  the  molecules  of  galena  are  portions  of  the  com- 
pound crystalline  mass,  and  are  therefore  to  be  re- 
garded as  homogeneous,  in  reference  to  the  mass  itself. 

*  A  JUtralUhgram  is  any  right  lined  quadrilateral  plane  figure,  whose 
•pfiotite  sides  are  equal  and  parallel. 

f  What  is  here  called  rkombie^  most  writers  on  this  subject  have,  in 
imitation  of  the  French  idiom,  denominated  rkombmdal:  but  as  the  term 
rkomboid  has  been  used  in  works  on  geometry  to  signify  an  oblique 
angled  parallelogram,  and  as  the  same  term  has  also  been  already 
appropnated  in  crystallography  to  a  solid  contained  within  six  equal 
rhombic  planes,  the  application  of  the  term  rhomboidal  to  any  other  solid 
seems  to  involve  a  degree  of  ambiguity.  The  term  rhbmhie  is,  besides, 
more  conformable  to  the  practice  of  our  own  language. 


A 
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All  minerals  which  are  composed  of  similar  ele- 
mentary particies  combined  in  equal  proportions,  and 
whose  molecules  are  similar  in  form,  are  said  to 
belong  to  one  species. 

The  same  species  of  mineral  is  frequently  observed 
to  cryistaUizein  a  great  yariety  of  forms. 

JFrom.  among  the  variety  of  cry stalline  forms  nnd^r 
which  any  species  of  mineral  may  present  itself^  spme 
one  is  selected  as  the  pr wary,  and  the  remainder  are 
termed  s^.condaary.  forms, 

A  primary  form  is  that  parent  or  derivative  form^ 
from  which  all  the  secondary  forms  of  the  mineral 
species  to  which  it  belongs,  may  be  conceived  to  be 
derived  according  to  certain  laws. 

The  primary  forms  are  at  present  supposed  to  con- 
sist of  only  the  following  classes. 


Fig.  10 

L 

X\           X 

"Z 

The  cubey  fig.   10,  contained   within ^  six  square 
planes. 

Fig.  11. 


The  regular  tetrahedron^  fig.  II,  contained  within 
four  equilateral  triangular  planes.  The  solid  angle 
at  a,  is  sometimes  called  its  summit* ;         * 


DKFINITIOirS. 


Fig.  12. 


Thfe  Ttguldr  octahedron^  fig.  IS,  res^fiAKng  <tv« 
t«yiir-%nled  pymtnidB  imfited  bitde  to  bade.  *tbe  pka/H^i 
are  equilateral  triangles^  and  the  coii^tiil  bane  Hf  tkift 
two  ]^yraiiiid»  C^iiich  will  heieafter  b^  dendiftkittled 
the  base  of  the  octahedron)  h  a  K^ditr^. 


Fig.  13. 


The  rhombic  dodecahedron,  fig.  13,  eontained  with- 
in twelve  equal  rhombic  planes,  having  six  solid 
«li|fles,  coiibifltti^  ehch  erf  foar  ^cute  pistwt  «a|^es, 
^v^o  ep^posite  on^  i»  b,  6,  being  someithaies  called  the 
vuminits^'itei  tifjkt  tolid  angles  consf^tiiig  each  of 
ilffee  bbtifde  plane  tinglto. 


8  OCFINTTIONS. 


Fig.  14. 


An  octahedron  with  a  square  bascj  fig.  14,  contained 
within  eight  equal  isosceles  triangular  planes;  the 
bases  of  the  triangles  constitute  the  edges  of  th^.basie 
of  the  octahedron. 

When  the  plane  angle  at  a  measures  less  than  60% 
the  octahedron  is  called  acute. 

When  the  angle  at  a  is  greater  than  60%  the  octa- 
hedron is  called  obtuse. 

The  square  base  serves  to  distinguish  this  class  from 
the  two  which  follow,  it.  The  isosceles  triangular 
planes  distinguish  it  from  the  regular  octahedron. 

Fig.  15. 


Ad  octahedron  mth  a  rectangular  base^  fig.  15.  The 
planes  of  which  are  generally  isosceles  triangles,-  but 
not  equal.  The  plane  angles  at  c  and  d  of  the  planes 
a  and  of  being  more  obtuse  than  those  of  the  planes' 6 
and  I/;  and  the  planes  a,  and  a%  inclining  to  each 
other  at  a  difierent  angle  from  that  at  which  those 
marked  b]  and  i%  meet. 
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Fig.  16- 


Ao  octahedron  wUh  u  rhombic  base^  fig.  16^  contained 
within  eight  equal  scalene  triangular  planes. 

The  solid  angles  at  a,  ft,  fig.  18  and  14,  and  Cy  dj 
fig.  15  and  16,  are  sometimes  called  the  summits  of 
the  octahedron. 

Fig.  17. 


.  A  right  prism  with  a  square  ftofe*,  fig.  17^  .or  r^tt 
sqnare.  prismy  the  edge,  a,  being  always  greater  or 
less  than  .ft :  if  a,  and  ft,  were  equals  the  figure  wbuld 
be  a  cube.  *  .  -  ! 

Fig.  18. 

/r 


A  right  prism  with  a  rectangular  base^  fig.  18,  or 
right  rectangular  prism^  whose  three  edges  a,  ft,  <r,  are 
uoequaL  For  if  any  two  of  those  were  equal,  the 
prbm  would  be  square. 

*  A  prum  it  a  tolid  wli0M.ibrtmi|«(^  ate  panllcl,.a]id  WIiom  ttrmhui 

fiMHts  are  also  parallfiL 

Those  priims  which  ttani  /ktr^iidievlarlf  when  resting  on  their  base* 
are  ealled  Hgki  prisms.  Those  which  heJike  fr^m  ihc  Jf^tr^Mt^ukr^  are 
caUed  sMSf »»  prisms. 

B 
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Fig.  19. 


A  right  rhombic  prism,  or  righi  prism  whose  base  is 
a  rhomb,  fig-'19>  ^1"^  whose  lateral  planes  «,  6,  are 
equal.  These  planes  may  be  either  square  or  reefan^ 
gular. 

Ffg.SO« 


A  right  oblique-angled  prism,  or  right  prism  whose 
tiase  is  an  obUquenrnglei  paraiidogram,  #g.  90i  and 
whose  a^acent  lateral  planes  a,  b,  are  uneqtial.  One 
of  these  planes  miist  be  rectangular,  the  other  may 
be  either  a  square  or  a  rectaitgle. 


Fig.  21. 


An  oblique  rhombic  prism^  or  oblique  prism  whose 
tme isja ¥h^mb^ fig^^>  ttdwIioaeJftifem/^ane^ tf/e, 
are  equal  oblique-angled  parallelograms — ^if  they  Were 
equal  rhombs  the  solid  would  be  a  rhomboid. 
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Fig.  Sir 
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A  doubly  oblique  prismy  fig.  S3,  whose  bases  and 
zohdse  lateral  jplanes  are  generally  oblique-angled  pdraU 
klograms.  The  only  equality  subsisting  among  these 
planes,  is  between  each  pair  of  opposite  or  parallel 


ones. 


Fig.  23. 


The  rhomboid^  fig.  33,  a  solid  contained  within  six 
equal  rhombic  planes^  and  having  two  of  its  solid 
angles,  and  only  two,  as  a,  by  composed  efich  ofikreti 
equal  plane  angles;  these  are  sometimes  called  the 
summits. 

Fig.  24. 


The  regular  hexagonal  prism,  fig.  24,  or  ri^ht  prism 
whose  bases  are  regular  hexagons. 

-:  The.  secondary  forms  of  crystals  consist  of  all  those 
varieties  belonging  to  each  species  of  mineral,  which 
differ  from  the  primary  form. 

■  These,  although  extremely  numerous,  may  be.  re<i 
duced  to  a  few  principal  classes,  as  will  appear  in  the 
sequel. 

b2 


ii 


DfeFI^ll'It)1»t. 


P%.  85; 


A  kncy  as  a  b,  or  c  tf,  fig.  25,  drawn  tbroiigti  tivo 
opposite  angles  of  any  parallelogram,  and  dividitag  the 
plane  into  t\Vo  equal  parts,  is  called  a  didgonat  of 
that  plane. 

In  the  oblique  rhombic  prism,  the  doubly  obliqll^ 
prism,  and  the  rhomboid,  fig.  21,  S2,  and  S3,  the  line 
a  c,  which  appears  to  lean  from  the  spectator,  will  be 
termed  the  oblique  diagonal,  and  the  line  fg  of  the 
oblique  rhombic  prism,  and  df  of  the  rhomboid,  the 
horizontal  diagonal. 

The  line  c/^of  the  doubly  oblique  prism,  may  also 
for  the  sftke  of  distinction  b6  termed  its  korizofttal 
didgonal;  altlioiigli  from  the  nature  of  the  figure^ 
that  line  mitet  be  obli<iiii6  when  the  lateral  edges  are 
perpendkukn  ^ 

The  diagonal  plane  of  a  solid,  sls  a  b  c  d,  fig.  S5, 
is  an  imaginary  plane  passing  through  the  diagonal 
lines  of  two  exterior  parallel  planes,  dividing  the 
solid  into  twp  equal  parts% 

'  The  aaif  ^f  a  cr^tal,  generally^  is  an  imaginary 
line  passing  through  the  iolid,  Mnd  through  tzfio  Ofpo^ 
site  solid  angles. 

In  prisma y  this  toay  b6  lertin^d  an  oblique  ojtis,  to 
di^tiil^iiisk  it  from  another  li«ie  which  pasdee  thh>iigh 
the  centres  of  their  terminal  planes,  Utid  may  be 
termed  a  prismaiie  axis. 

The  axis  of  a  pyramid,  passes  through  ita  terminal 
point  and  through  the  centre  of  the  base. 
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Fig.2( 

• 

/\ 

y 

:\ 

■y 

In  the  cubcj  an  axis  passes  through  the  centre  and 
through  two  opposite  solid  angles,  a  6,  fig.  26;  from 
the  perfect  symmetry  of  its  form,  the  cube  has  a  simi- 
lar axis  in  four  directions,  or  passing  through  its 
centre  and  through  each  pair  of  opposite  solid  angles. 

Fig.  27. 


The  axis  of  the  regular  tetrahedron  passes  through 
the  centres  of  the  summit  and  base  as  a  &,  fig.  27,  and 
it  has  a  similar  axis  in  four  directions  in  consequence 
of  the  symmetrical  nature  of  its  form. 

Fig.  28. 


In  4iU  octakedrcns  the  axis  passes  through  the  two 
summits  and  through  the  centre  of  the  base,  as  n  ft; 
tig.38i  the  reguhr  ccidihtdr^ny  having  all  its  solid 


II 
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angles  similar,  may  be  said  to  hate  a  similar  axb 
in  three  directions. 

But  the  lines  c  dj  eji  joining  the  opposite  lateral 
solid  angles  of  irregular  ectahedrons^  may  be  called 
the  diagonals  of  their  base. 

Fig- 29- 


The  rhombic  dodecahedron  has  two  dissimilar  sets  of 
axes  passing  through  its  centre ;  one  sety  as  a  &,  fig.  29^ 
passes  through  the  pairs  of  opposite  solid  angles, 
which  consist  each  of  four  acute  plane  anglesy  and 
may  b^  called  the  greatet*  axes ;  another  sety  bs  c  dy 
passes  through  the  solid  angles  which  consist  o(  three 
obtuse  plane  angles  each^  and  may  be  called  the  lesser 
nxes  of  the  crystal. 

Fig.  30. 


A:^ 
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Fig.  31. 

f 
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The  right  squarcy  and  right  rectangular  prismsy 
have  each  an  axis  in  four  directions  similar  iQ'Ofb^ 
Sg.  SO  and  31,  but  as  prisms  theybave  ftn  QddMiQMl 
prismatic  axis,  c  d. 
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Fig.  32. 


Fig.  33* 


The  right  rhombic  prism,  fig.  32,  and  righi  oblique 
angled  prism,  fig.  33,  have  each  two  gr€at€r  and  ixto 
lesser  axes.  The  greater  axis,  a  ft,  passes  through  the 
solid  angles  which  terminate  the  acute  edges  of  the 
prism,  and  the  lesser,  c  d,  through  those  which  ter* 
ninate  the  obtuse  edges  of  the  prism*  Thejr  have  also 
the  prismatic  axis,  ef. 

Fig.  34. 


The  oblique  rhombic  prism  has,  besides  the  pris- 
matic  axb,  t  k,  fig.  34r,  a  greater^  a  lesser,  and  two 
iransvere  axes.  The  greater  axis  is  that  which  passes 
through  the  two  acute  solid  angles  of  the  prism  a,  6; 
Ae  lesser  tkat  wiiich-  passes  through  .Ae  two  obtkse 
iM  aretes-,  ot  theprifira  c,  d,  and  the  tramoerwef 
ikim  whidi  pass  throagh  the  lateral  solid  angles. 


1€ 


msFiicmoim. 


Fig.  35; 


The  daubfy  oblique  prism  has  four  unequal  axes 
passing  through  the  pairs  of  opposite  solid '  angles, 
a  bp  &c.  fig.  35 ;  it  has  also  the  prismatic  axis  t  k. 

Fig.  36. 


'  The  line  a  b,  fig.  36,  which  passes  through  the 
summits  of  the  rhomboid^  may  be  called  the  perpen* 
dicular  axis,  and  those  lines,  c  d,  ef^gh^  which 
pass  through  the  opposite  pairs  of  lateral  solid  angles 
may  be  termed  the  tranroerse  axes.  But  the  lines 
a  b^  and  c  dy  are  sometimes  called  the  greater  and 
lesser  axes  of  the  rhomboid. 

Fig.  37. 


line  a  by  ,figb  37,  passing- through  the- opposite 
solid  angles  of  the  hdxagotud  prismy  may -be  termed 
tm  axis;  but  the  {Nrismatic  axis,  c  d  of  Uiis  form^  is 
that  which  is  most  generally  regarded  as  its  ^xiSk 


The  diagonals  and  axf^es  pf  cryslals  arf  imaginary 
lines,  by  means  of  which  the  secondary  planer  of  crysr 
lals  may  frequently  be  descirihed  with  greater  pre? 
cision  than  could  be  attained  without  their  assistance; 
they  also  facilitate  tlie  mathematical  investigations 
ioto  the  relations  which  sub^iM;  between  the  primary 
^d  secondary  forms* 

The  diagonal  planes  are  iniaginary  planes  of  a 
similar  character. 

A  crystal  is  said  to  be  in  position^  when  it  is  so 
placed,  or  held,  as  to  permit  its  being  the  most  easily 
and  precisely  observed  and  described. 

For  this  purpose  tetrahedrons  are  made  to  rest  on 
one  of  their  planes,  as  in  the  figure  already  given. 

Octahedrons  are  supposed  to  be  held  with  the  axis 
vertical,  and  in  this  position  the  plane  angles  at  a 
and  bj  fig.  38,  are  called  the  terminal  angles,  and  the 
edges  ac^  ady  a  e,  af,  the  terminal  edges,  or  edges  of 
the  pyramid. 

The  edges  ed^  df,  &;c.  may  be  termed  edges  of  the 
base ;  and  the  angles  aedy  a  dfy  lateral  angles. 

The  angles  of  the  base  ar^  the  angles  c  erf,  or  e  djl 

The  cube  stands  on  one  of  its  planes,  and  all  prisms 
on  their  respective  bases. 

Rhombic  dodecahedrons  are  supposed  to  be  held 
with  a  greater  axis  vertical,  as  in  the  former  figure. 

The  rhomboid  is  aidso  sypposed  to  be  Md  lyjtl^its 
perpendicular  axis  vertical 

Crystals  are  aupposed  td  be  first  formed  by.  the 
nggregation  of  a  Jew  homogeneous  jmlecuksy  wi^cb 
arrange  themselres. ar^onnd  a  single  c/^ntmlmQli^^Mle 
in  aome  det^rmlilate,lna)iaer;  mi  t.b^y  Ave  pQnpeiy^4 
toinepe^se  in  magniitiide,  by ; the  cpntiniifil  ^dditifloa 
of  similar  m^cidea  to  Ihw  siuri»ce^» .    -  ; 
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In  these  additions,  the  molecules  appear  to  arratige 
thems^ves  so  911  to  form  laminae,  or  plates,  which 
successively,  either  partially,  or  wholly,  cover  each 
other. 

Th^  plates  are  theoretically  supposed  to  be  eithef 
single^  that  is,  of  the  thickness  of  single  moleculesy  or 
to  be  double^  treble^  &c.  that  is  ot  iht  thickness  oftwo^ 
threcy  or  more  molecules. 


Fig.  38  represents  a  single  plate  of  molecules. 

Fig.  39. 


Fig.  39  represents  a  double  plate« 


A 

Fig. 

40. 
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When  such  addition^  envelope  the  whole  of  a 
smaller  crystal,  its  original  form  is  preserved  through 
every  increase  of  size. 

Fig.  40  represents  a  right  rectangular  prism  which 
has  increased  in  magnitude  without  change  of  figure. 
:  When  the  additions  do  not  cover  the  whole  surfiice 
of  a  primary  form,  but  there  are  rows  of  molecules 
omiMed  on  the  edges,  or  angles  of  the  superimposed 
plates,  auch  omission  as  called  a  decrements 
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The  term  decrement  has  been  adopted  to  express 
these  omitted  rows  of  molecales,  because,  in  conse- 
quence of  such  omissions,  the  primary  form  on  which 
the  diminished  plates  are  successively  laid,  appears 
to  decrease  as  it  were,  on  the  edge  or  angle  on  which 
such  omissions  take  place. 

Dt^crements  are  said  to  begin  at^  or  to  set  outfr^niy 
the  particular  edge  or  angle  at  which  the  omission  of 
molecules  first  takes  place;  and  to  proceed  along  thttt 
plane  on  which  the  defective  plate  of  molecules  i^ 
conceived  to  be  superimposed.  And  they  are  said  to 
take  place  either  in  breadth  or  in  height. 

Decrements  in  breadth  ar^  those  wbicl^  result  from 
the  reduction  of  the  superficial  firea  of  the  super^ 
imposed  plate,  by  the  abstraction  of  rows  of  molegi^les 
,  from  its  edges  oi*  angles. 

Decrements  in  height  relate  to  the  thickness  of  the 
plate  from  which  the  abstraction  of  rows  of  molecules 
takes  place. 

Fig.  4K 


^'yyyy.^ 
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Let  c  d  fig.  41,  represent. an  edge  of  a  primary 
form,  and  let  a  b  represent  an  edge  of  a  double  plate 
of  molecules,  from  which  one  row  has  been  abstracted ; 
the  decrement,  or  omitted  portion  of  this  superimposed 
plate,  would  be  stated  to  consist  of  one  row  in  breadth, 
or  one  row  omitted  upQi>  the  terminal  surface  of  the 
primary  crystal,  and  two  rows  in  height,  signifying 
that  the  omitted  row  belonged  to  a  double  plate  of 
molecules ;  a  b  c  d  would  be  the  position  of  the  new 
plane  produced  by  this  decrement. 


so 
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D^cremients  have  been  divided  bjr  thie  Abb^  Haiiy 
Into  three  principal  classes — simple^  miJted^  and  inter* 
fnediarj/.  The  simple  ami  mixed  may  howevei*j  itl 
isirictness,  be  regarded  as  varieties  6f  4he  same  cM^; 

Simple  decrements  are  those  which  cotisist  in  th^ 
abstraction  of  any  i»i/m6erq/'rati0^,  in  breadth  otsingli 
molecules,  or  of  single  rows,  belon^ng  to  plates  of 
two  or  more  molechles  in  thickness. 

Fig.  48  exhibits  a  simple  decrement  bj  one  row  in 
breadth  on  the  edge  c  d  of  the  primary  form* 


Fig.  43  exhibits  a  simple  decrement  by  one  row  in 
breadth^  on  the  angle  c  of  the  primary  form. 

For  the  sake  of  rendering  the  expression  rows 
of  molecules  generally  applicable  t6  deeren^eiits  both 
on  the  angles  and  edges  of  a  primary  form/^he  term 
row  is  applied  to  express  the  single  molecale^r^l 
abstracted  from  the  angle  of  any  plate. 

Fig.  44. 


In  fig.  44,  the  single  moleciile  a,  i,  is  regarded  as 
&keJirstrow  to  be  abstracted  from  the  angle  of  the 
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imli^inary  plate ;  the  two  moledules  c,  d^  as  the  second 
row ;  the  three  molecules  eyf^as  the  third  rowy  and  so 

OD. 

Fig*  i|5. 


Fig^.  45  shews  a  simple  decrement  by  two  rows  in 
height  on  the  edge  of  the  primary  form. 

Fig.  46. 


Fig.  46  shews  a  simple  decrement  by  two  rows  in 
height  on  the  angle  of  the  primary  form. 

It  is  observable  in  these  figures,  that  each  successive 
plate  is  less  by  one  row  of  molecules  than  th^  plate 
on  which  it  rests.  It  is  by  this  continual  recession  of 
the  edges  of  the  added  plates,  that  the  crystal  appears 
to  decrease  on  its  edges  or  angles,  and  that  new  planes 
are  produced.  The  edges  of  the  new  planes  which 
would  be  produced  by  the  four  preceding  decrements, 
are  shewn  by  the  lines  abed,  fig.  43  and  45,  and 
by  the  lines  a  6  c,  fig.  43  and  46.* 


>  < 


A  mixed  decrement  is  one  in  which  unequal  numbers 
of  molecules  are  omitted  in  height  and  in  breadth, 
neither  of  the  numbers  being  a  multiple  of  the  other ^ 

such  as  three  in  height  and  two  in  breadth,  or  four  ih 

...  ,  • 

*  The  molecules  of  crystals  are  so  minute,  as  to  render  those  in- 
equalities of  surface  imperceptible  which  are  occasioned  by  decrements. 
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height  and  tbree  in  breadth;  Tor  if  either  nupiber 
were  a  multiple  of  the  other,  as  woyld  be  the  cqse  if 
the  RuppoKd  decrement  took  place  by  tteo  rows,  in 
height  and/our  in  breadth,  or  three  in  height  and  six 
in  breadth,  the  new  plane  thus  produced  would  be 
perfectly  similar  to  that  which  would  result  from  a 
dccreaient  by  one  row  in  height  and  two  in  breadth, 
and  would  therefore  belong  to  the  planes  produced  by 
simple  decrements. 


Fig.  47. 


Fig.  47  Hhews  a  mixed  dccremenl  on  an  edge  of  tli^ 
primary  form  by  two  rows  in  breadth  and  three  i» 
fw.ight,  and  the  lines  abed  mark  the  position  of  tbp 
new  plane  produced  by  this  decrement. 

Jt  has  been  found  convenient  to  express  mixed 
decrements  by  fractions,  of  which  the  numerator,  or 
upper  Jiguf^i  denotes  the  number  of  molecules  in 
breadth,  and  the  denominator,  or  lower  Jigure^  the 
number  in  height,  abstracted  iVom  the  edge  or  angle 
of  the  superimposed  plates;  ihut',  a  decrement  by  j 
would  imply  a  decrement  by  three  molecules  in 
breadth  Bnd  four  in  height. 

Inlerm^diari/  decrements  affect  only  the  sqlid  anglct 
of  crystals,  and  m^y  be  conceived  to  consist  in'  ^le 
abstraction  of  rows  of  compound  molecules  from  the 
eucc^sively  snperimposed  plates,  each  compound  mo- 
lecule coiUaimag  unequal  numbers  of  single  moUcutet 
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in  lengthy  breadlhj  and  height.  Thus  if  we  euppoee  the 
eompouhil  molecule  ahBtructed  in  an  intermediary 
decrement  to  belong  to  a  single  plate,  it  must  coBsiat 
of  some  other  namb««  of  molecules  in  the  directioD* 
d,  and  e,  Sg,  48.* 

Fig.  48. 


In  Ggi  48  the  compound  molecillfe  lionsists'of  a  single 
molecule  in  height^  tmo  on  the  edge  d,  and  three  on 
Ae  edge  e,  producing  the  new  plane  a  b  c. 

Fig.  49. 


Fig;  .49  exhibits,  an  intennedfCU7'  decrement  in 
which  the  compound  molecule  consists  of  tkriee  single 
molecules  in  height,  four  on  the  edge  d,  and  two  on 
the  edge  e,  producing  the  new  plane  a  b  c. 

In  the  simple  and  mixed  decrements  upon  an  angle, 
as  shewn  in  fig,  43  and  46,  the  number  of  molecules 

■  It  maybe  remarked  th»t  the  plUiea  pco^te<l&7.>tM/t^  an'dwvW 
decreDienti,  inccnect  tme  or  more  of  Ihe  primary  plajiei  in  linci  paralle) 
to  one  of  their  edge>  or  diagoiialt.  Tbe  term  inttmidiary  hu  been  uied 
Ut  e^roN  Ibit  third  tlacrof  decremeiU.'beeauie  t^ic  Ihe'at  WhilA  ihl* 
■econdary  plane  produced  by  it,  incerBecU  any  primary  plane,  it  Aett^ 
parallel  to  either  an  ed^  or  diagonal  of  that  plane,  but  ii  an  fiiUniu£iiU 
rme  between  th«  edge  and  the  diagMtal,  n  may  be  obMmd  by  com- 
paring  (he  figum  48, 43,  and  48. 
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abstracted  in  the  direction  d,  will  always  be  equal  to 
the  number  abstracted  in  the  direction  e.  Thus  if  it 
i>e  a  simple  decrement  by  one  row  in  breadth,  one 
fiioleculig  will  appctrently  be  omitted  on  each  of  the 
edges  £/,  and  e,  as  in  fig  43.  But  in  aii  intermediary 
decrement,  the  numbers  are  obviously  unequal  in  the 
direction  of  those  edges,  aiid  the  number  in  height 
will  also  differ  from  both  the  numbers  in  the  direction 
of  the  edges^  as  in  fig.  48  and  49. 

The  new  planes  produced  by  decrements  are  deno- 
minated secondary  planes,  and  the  primary  form,  when 
altered  in  shape  by  the  interference  of  secondary 
planes^  is  said  to  be  modified  on  the  edges  or  angles 
on  which  the  secondary  planes  have  been  produced. 
And  such  edges  or  angles  are  sometimes  also  said  to 
be  replaced  by  the  secondary  planes. 

The  law  of  a  decrement  is  a  term  used  to  express 
the  number  of  molecules  in  height,  and  breadth, 
abfiracted  from  each  of  the  successively  superimposed 
plates,  in  the  production  of  a  secondary  plane. 

When  an  edge^  or  solid  angle,  is  replaced  by  one 
plancy  it  is  said  to  be  truncated.  When  an  edge  is 
replaced  by  two  planes^  which  respectively  incline  on 
the  adjacent  primary  planes  at  equal  angles,  it  is 
bevilled* 

If  any  secondary  plane  replacing  an  edge^and  being 
parallel  to  it,  incline  equally  on  the  two  adjacent  primary 
planesy  or  if  replacing  a  solid  (tngle,  it  incline  equally 
on  all  the  ac^acent  primary  planes,  it  is  called  a  tangent 
plane. 


OF  THE  goniometer: 

The  instruments  used  for  measuring  the  angles  of 
which  tke  planes  of  crystals  meet,  or,  as  it  is  frequently 
expressed,  incline  to  each  other ,  are  called  goniometers. 


Fig.  50. 
d 
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Let  us  suppose  the  angle  required  at  which  the 
phines  a,  and  & j  of  fig.  50,  incline  to  each  other. 

The  inclination  of  those  planes  is  determined  by  the 
portion'  of  a  circle  which  would  be  intercepted  by  two 
lines  ed,  e  f,  drawn  upon  them  from  any  point  e  of  the 
edge  formed  by  their  meetingy  and  perpendicidar  to 
thai  edge — the  point  e  being  supposed  to  stand  in  the 
centre  of  the  circle. 

Fig.  51. 


Now  it  is  known  that  if  two  right  lines  as  gf  dh, 
fig.  51,  cross  each  other  in  any  direction,  the  opj^te 
angles  defy  geh,  are  equal. 
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If  therefore  we  suppose  the  lines  gf^  dh,  to  be  very 
thin  and  narrow  plates,  and  to  be  attached  together 
by  a  pin  at  e,  serving  as  an  axis  to  permit  the  point 
/  to  be  brought  nearer  either  to  d^  or  to  A ;  and  that 
we  were  to  apply  the  edges  ed,  e/,  of  those  plates,  to 
the  planes  of  the  crystal  fig.  50,  so  as  to  rest  upon  the 
lines,  ei/j,  e/y  it  is  obvious  that  the  angle  gc  A,  of 
the  moveable  plates  fig.  51,  would  be  exactly  equal  to 
the  angle  def  of  the  crystal  fig.  SO. . 


Fig.  52. 


Fig.  53. 


The  common  goniometer  is  asmall  iitstrumetit  dil- 
culated  for  measuring  this  angle  geh^  of  the  move- 
able plates.  It  consists  of  a  semi-circle,  <ig.  SSy 
whose  edge  is  divided  into  360  equal  parts,  those' 
parts  being  half  degrees,  and  a  pair  of  moveatBle 
afms  d A,  gf,  'fig.  62.  The  semicircle  having  a  phi  at 
«,  which  fits  into  a  hole  in  the  moveable  arms  at  e. 

The  method  of  using  this  instrument  is,  to  apply  the 
edges  rfe,  e/,  of  the  moveable  arms,  fig.  52,  to  the 
two  adjacent  planes  of  any  crystal,  so  that  thei/  shall 
accurately  touch  or  rest  upon  those  planes  in  directions 
perpendicular  to  the  edge  at  which  they  meet.  The 
arm  dh,  is  then  to  be  laid  on  the  plate  mn  of  the 
semicircle  fig.  53,  the  hole  at  e  being  suffered  to  drop 
on  the  pin  at  t,  and  the  edgei  liearest  to  h  of  the  arm 
g  e,  w,ilL  then  .indicate  on  the  isemicirele,  as  ia^fi^;;  54,^ 
the  number  of  degrees  .  which  -  the  ^faeasnred  angle 
contains. 
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Fig.  54. 


When  this  instrument  is  applied  to  the  planes  of  a 
crydtal^  the  points  d  and/,  fig. 52,  should  be  previously 
brought  sufficiently  near  together  for  the  edges  d  e, 
ef,  to  form  a  more  acute  angle  than  that  about  to  be 
measured.  The  edges  being  then  gently  pressed  upon 
the  crystal,  the  points  dy  and  /  will  be  gradually 
separated,  until  the  edges  coincide  so  accurately  with 
the  planes,  that  no  light  can  be  perceived  between 
them. 

The  common  goniometer  is  however  incapable  bf 
affording  very  precise  restilts,  owing  to  the  occasional 
imperfection  of  the  planes  of  crystals,  their  frequent 
minuteness,  and  the  difficulty  of  applying  the  instru- 
ment with  the  requisite  degree  of  precision. 

The  more  perfect  instrument,  and  one  of  the  high* 
est  value  to  Crystallography,  is  the  reflective  gonio^ 
meter  invented  by  Dr.  Wollaston,  which  will  give  the 
inclination  of  planes  whose  area  is  less  than  rinrVins 
of  an  inch,  to  a  minute  of  a  degree. 

This  instrument  has  been  less  relsorted  to,  than 
mighty  from  its  importance  to  the  science,  have  been 
expected,  owing  perhaps  to  an  opinion  of  its  use 
being  attended  with  some  difficulty.  But  the  observ- 
ance of  a  few  simple  rules  will  render  its  application 
easy. 

D  2 
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The  principle  of  the  instrument  may  be  thus  ex- 
plained. 

Let  us  suppose  abcy  fig.  55,  to  be  a  crystal,  of  which 
one  plane  only  is  visible  in  the  figure,  attached  to  a 
circle,  graduated  on  its  edge,  and  moveable  on  its 
axis  at  o ;  and  a  and  b  the  two  planes  whose  inclina- 
tion we  require  to  know. 

And  let  us  further  suppose  the  lines  o  e,  ogy  to  be 
imaginary  lines  resting  on  those  planes  in  directions 
perpendicular  to  their  common  edgCy  and  the  dots  at  i 
and  A,  to  be  some  permanent  marks  in  a  line  with  the 
centre  o. 

Let  us  suppose  the  circle  in  such  a  position,  that 
the  line  o  e  would  pass  through  the  dot  at  A,  if  ex- 
tended in  that  direction  as  in  fig.  55. 

Fig.  56. 


f 


e 

If  we  now  turn  round  the  circle  with  its  attached 
crystal,  as  in  fig.  56,  until  the  imaginary  line  ogy  is 
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brought  into  the  same  position  as  the  line  o  e  is  in 
fig.  55,  we  may  observe  that  the  No.  120  will  stand 
opposite  the  dot  at  t  • 

This  is  the  number  of  degrees  at  which  the  planes 
a  and  b  incline  to  each  other.  For  if  we  suppose  the 
line  ogj  extended  in  the  direction  Of,  as  in  fig.  56,  it 
is  obvious  that  the  lines  oe,  oi^  which  are  perpen- 
dicular to  the  common  edge  of  the  planes  a  and  b^ 
would  intercept  exactly  ISO**  of  the  circle. 

Hence  an  instrument  constructed  upon  the  principle 
of  these  diagrams,  is  capable  of  giving  with  accuracy 
the  mutual  inclination  of  any  two  planes,  if  the  means 
can  be  found  for  placing  them  successively  in  the 
relative  positions  shewn  in  the  two  preceding  figures. 

Fig.  57. 


When. the  planes  are  sufficiently  brilliant,  this  pur- 
pose is  effected  by  causing  an  object,  as  the  line  at  m, 
fig.  57,  to  be  reflected  from  the  two  planes  a,  and  6, 
successively,  at  the  same  angle. 

It  is  well  known  that  the  images  of  objects  are 
reflected  from  bright  planes  at  the  same  angle  as  that 
at  which  their  rays  fall  on  those  planes;  and  that 
when  the  image  of  an  object  reflected  from  a  horizon- 
tal plane  is  observed,  that  image  appears  as  much 
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below  the  reflecting. surface,  as. the  object  itself  ie 
above  it. 

If  therefore  the  planes  a,  and  b,  fig.  57,  be  suc- 
cessively brought  into  such  positions,  as  will  cause 
the  reflection  of  the  line  at  m,  from  each  plane,  to 
appear  to  coincide  with  another  line  at  n,  both  planes 
will  be  successively  placed  in  the  relative  positions 
of  the  corresponding  planes  in  figs.  55  and  56. 

Fig.  58. 


To  bring  the  planes  of  any  crystal  successively  into 
these  relative  positions  by  the  assistance  of  the  reflec- 
tive goniometer,  the  following  directions  will  be 
found  useful. 

The  iostrument,  as  shewn  in  the  sketch  fig.  56, 
should  be  firet  placed  on  a  pyramidal  stand,  and  the 
stand  on  a  small  steady  table,  placed  about  6  to  10  or 
.IS  feet  from  a^at  window. 

The  graduated  circular  plate  should  tland  perpea- 
diatlarli/ from  the  window,  the  pin  x  being  horizontal 
with  the  slit  end  nearest  to  the  eye,  * 

Place  the  crystal  which  is  to  be  measured,  on  the 
table,  resting  on  one  of  the  planes  whose  inclination  is 


*  Thii  goniometer  ii  aometimes  drawn  witb  the  pin  x  in  lit  dirictm  nf 
ill  axil,  in  which  poulion  of  ihe  pia,  the  uutrumenc  may  be  regarded 
aa  nearly  UBclesB. 
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required^  and.  with  the  eis^e  k\  wfaidi  those  pliineg. 
meet^  the  farih^tifrom  jou,  aiid  parallei  to  the  winK 
dow  in  yOur.fronL 

Fig:  69. 


^^^^ 


Attach  a  portion  of  wax  about  the  stjse  df  d^  to  one 
side  of  a  small  brass  plate  e,  fig.  59 — lay  the  plate  on 
the  table  with  the  edge /parallel  to  the  window,  the 
side  to  which  the  wax  is  attached  beingf  uppermost, 
and  jpress  the  end  of  the  wax  against  the  crystal  uiitit 
it  adheres  ;  then  lift  the  plate  with  its  attached  crys-' 
tal,  and  place  it  in  the  slit  of  the  pin  x,  with  that 
side  uppermost  which  rested  on  the  ta^le. 

Bring  the  eye  now  ip  natr  the  crystal^  avi,  without 
perceiving  the  Crystal  itself,  to  permit  your  observing- 
distinctly  the  imaged  of  objects  reflected  from  its 
planes;  and  raise  or  lower  that  end  of  the.  pin  ^r 
which  ha^  the  small  circular  plate  affixed  to  it,  until 
6ne  of  the  horizontal  upper  bars  ot  the  Window  it 
seen  reflected  from  the  tipper  orJ?r*/ plane  of  the  crys- 
tal, which  corresponds  with  plane  a^  fig.  55  and  56, 
and  until  the  image  of  the  bar  is  brought  nearly  to 
coincide  with  some  line  below  the  window,  as  the 
edge  of  the  skirting  board  where  it  joins  the  floor. 

Turn  the  pin  x  on  its  own  axis^  if  neces^^ary,  until 
the  reflected  image  of  the  bar  of  the  window  coincides 
accuraieli/  voiih  the  observed  line  below  the  window. 

Turn  now  the  small  circular  plate  a  on  its  axis, 
^nifrom  you^  until  you  observe  the  same  bar  of  the 
window  reflected  from  the  second  plane  of  the  crvstal 
corresponding  with  plane  6,  fig.  55  &  56,  and  nearly 
coincident  with  the  line  below ;  and  having,  in  adjusting 
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the  first  plane  J  turned  the  pin  a>  on  its  oris  to  bring  t|ie 
relSected  image  of  the  bar  of  the  window  to  coincide 
accurately/  with  the  line  below,  now  move  the  lower 
end  of  that  pin  laterally y  either  towards  or  from  the 
instrumentj  in  order  to  make  the  image  of  the  same 
barj  reflected  from  the  second  plane,  coincide  with  the 
same  line  below. 

Having  assured  yourself  by  looking  repeatedly  at 
both  planes,  that  the  image  of  the  horizontal  bar 
reflected  successively  from  each,  coincides  with  the 
same  line  below,  the  crystal  may  be  considered  as 
adjusted  for  measurement. 

Let  the  180"  on  the  graduated  circle  be  now  brought 
opposite  the  o  of  the  vernier  at  c,  by  turning  the 
middle  plate  6/  andwhilethecircleisretained accurately 
in  this  position,  bring  the  reflected  image  of  the  bar 
from  the  Jirst  plane  to  coincide  with  the  line  below, 
by  turning  the  small  circular  plate  a.  Now  turn  the 
graduated  circle  from  you,  by  means  of  the  middle 
plate  bj  until  the  image  of  the  bar  reflected  from  the 
second  plane  is  also  observed  to  coincide  with  the  same 
line  below.  In  this  state  of  the  instrument  the  ver- 
nier  at  c  will  indicate  the  degrees  and  minutes  at 
which  the  two  planes  incline  to  each  other. 
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GENERAL  VIEW. 


Tab  regularity  and  sjmnietry  obeervable  in  the 
forms  of  crystallized  bodies,  must  have  early  attracted 
the.inotice  of  .naturalists ;  but  they  do  not  appear  to 
have  become  objects  of  scientific  research^  as  a  branch 
of  natural  history,  until  the  time  of  Linhsi^.  He 
fir^  gave  drawings  and  descriptions  of  crystals,  and 
atteaipted  to  construct  n  theory  concerning  them, 
somewhat  analogous  to  Jiis  system  of  Botany. 

We  are  indebted  however  to  Rom6  de  L'Isle  for 
the  fiiat  rudiments  of  crystallography.  He  classed 
together  those  ciystals  which 'bore  some  common 
reaembknce,  and.  selected  from  each  clasd  some  sim^ 
pie  form,  as  the.  primary^  or  fuhdaQ»ental  one ;  and 
conceiving  this  to  be  trumaUit  in  diflferent  directions, 
he  deduced  froin  it  .all  its*  secondary  forms;  and  it 
was  he  who  first  distinguish^4  ^^^  diferent  species 
of  minerak  from  each  other  by  the  measurements  of 
their  primaiy  forms* 

The  enquiries  of  Bergman  were  nearly  contem-^ 
pcNTuieouft  with: those  of  the  Abb£  flaiiy,  and  both 
these  philosophers  appear  to  have  entertained  at  the 
same  time  nearly  tlie  same  views  with  regard  to  the 
structure  of '  crystals';  both  haVing  supposed  that 
the  production  of  secondary  forms  might  be  explained* 
by  the  theory  of  decrements  on  the  edges  or  angles  of 
theprimaty.:  ' 
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Here,  however,  Bergman's  investigation  appears 
to  have  terminated,  while  the  Abb^  Haiiy  proceeded 
to  xromplete  this  theory,  by  determining  the  forms  and 
dimensions  of  the  molecules  of  which  he  conceived  Che 
primary  forms  were  composed,  and  by  demonstrating 
mathematically  the  laws  of  decrement  by  which  the 
secondary  forms  might  be  produced. 

He  also  established  a  peculiar  nomenclature,  to 
designate  ituUviduatly  each  of  tlie  observed  secondary 
forms  of  crystals;  the  nomenclature  consisting  of 
terms  derived  from  9ome  remarkable  charaoter  or 
relatioii  peculiar  to  each  indixndmd  form.  But  the 
dHadvantage  accmiqg  t<^  the  neknte  fvom  eneumber- 
itig  e^ch  individual  crystal  with  a  separate  namB, 
HHist  be  iminedialely  apparent,  when  it  is  considered 
thft^  the  rbfimbpid  of  carboiiate  of  iioieakme  is  ca)pa^ 
ble  of  producffig  80fli|e  Biilltpnsof  secondary  crystals 
by  the  pperation  of  a  few  simple  laws  pf  decremeiit* 

The  niiraber  of  names  requisite  «to  desigsale.  al| 
these,  if  they  exists  would  ioFai  «a '  fnsupefaU^ 
obstacle  to  the  cultiyittiain  of  the  -sciea^  pf  tryttaU 
lography,  even  if  it  were  practicable  to  devise  emne 
gufficiendy  short  aqd  snnple  terms  fyr  the  puspeee. 

To ol^iate  the  ineonvtfnience  adsingfrom  the ^se 
pi  so  many  individual  names,  the  Coaite  de  Bounion 
adopted  i^  much  sim{^r '  nietfaed  of  denotiiig  the 
secondary  forms*  He  numberdd  all  the  iRdivfdual 
modifications  he  had  observed,  ftom  one  onwards, 
and  i|s  the  secondary  forms  are  pvodoeed  either  by  a 
single  mo4ificatioa,  or  by  the  cenciil'reaoe  i^f  twoor 
miore  single  modjificatiqiis,  any  seoonciary  farm  iHhatr 
0\er  might,  i^ording  to  his  nfetbqd,  be  expressed  hj 
the  numbers  which  designate  ^U  the  particular  modir 
fications  wH^h  it  is  fottnd  to  dq^tatii. 

Mr.  Phillfps  has  adopted  ti|is  method  in  his  papers 
on  oxide  of  tin,  red  oxide  of  copper,  &c.  published  in 
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the  Transactions  of  the  Greologkal  Society,  and  Jias 
thus  proved  its  utility  for  the  purpose  of  crystallo- 
graphical  description. 

The  descriptive  system  of  the  Comte  de  Boumon, 
with  some  alterations,  will  be  adopted  in  this  volume, 
as  well  as  the  theory  of  decrements  which  constitutes 
the  basis  of  the  AbMHuUy's  System  of  Crystallo- 
graphy. 
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MOLECULES. 

The  homogeneous  molecules  which  are  aggregated 
together  in  the  production  of  crystals,  are  supposed 
to  be  minute,  symmetrical,  solid  particles,  contained 
within  plane  surfaces.  They  are  also  conceived  to  be 
again  separable  from  each  other  by  mechanical  divi- 
sion, which  however  stops  very  short  of  the  separa- 
tion of  single  molecules  from  the  mass  which  has  been 
formed  by  their  union. 

For,  however  minutely  we  may  divide  a  piece  of 
carbonate  of  lime,  we  cannot  imagine  that  we  have 
ever  obtained  any  single  portion  or  molecule  contain- 
ing only  one  atom  or  proportion  of  carbonic  acid,  and 
one  atom  or  proportion  of  lime. 

This  effect  of  mechanical  division  merely  implies 
that  the  molecules  are  separated  at  their  surfaces  by 
cleavage,  and  are  not  divided  or  broken*  And  it  thus 
serves  to  distinguish  them  from  the  elementary  par* 
tides  or  atoms  which  enter  into  their  composition, 
and  which  cannot  be  separated  from  each  other  but 
by  chemical  agency.* 

*  Although  it  is  not  immediately  connected  with  Crystallography, 
I  am  induced  to  state  an  observation  here  which  has  occurred  to  me 
relative  to  the  forms  of  the  homogeneous  wtoUcules  of  minerals,  when  com- 
pared with  the  forms  of  the  o/om/,  or  demeiitary  fuirtieles^  of  which  those 
molecules  are  composed. 

We  certainly  know  nothing  of  the  forms  of  the  eUoms  of  those  elemen- 
tary  substances  which  do  not  occur  crystallized,  such  as  oxygen,  hydro- 
gen, and  many  otherst  But  we  infer  from  analogy  that  the  atouu  of 
sulphur,  carbon,  the  metals,  and  such  other  elementary  substances  as 
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The  figures  of  the  solid  midecules  require  to  be 
explained  in  reference  to  eaeh  of  the  five  following 
dasses  of  primary  forms. 

L  The  cube  and  all  the  otber  classes  of  parallelo* 
pipeds,  or  solida  contained  within  six  planes. 

S.  The  regular  octahedron  and  all  the  other  ckasiBa 
of  octahedrons. 

S.  The  regular  tetrahedron. 

4.  The  rhombic  dodecahedron. 

5.  The  hexagonal  prism. 

If  we  attemp^'t  to  fracture  a  piece  of  ga/ena,  it  will 
split  into  rectangular  fragments.  But  we -find  by 
observing  the  secondary  forms  of  galena,  that  its 
primary  crystal  may  be  a  cube,  and  we  know  also 
that  by  supposing  this  cube  to  be  composed  of  cubic 
molecules,  'the  angles  at  which  the  secondary  planes 
incline  upon  the  primary,  may  be  computed  and  de- 
termined with  mathematical  precision.  We  are  there- 
fore led  to  infer,  that  if  the  rectangular  fragments  ob- 
tained  hy  cleavage  could  he  reduced  to  single  molecules^ 
those  molecules  would  be  cubes  A 

are  found  crystallized,  are  similar  in  form  to  the  moUculei  of  other  crys- 
ullized  substjitices  whkh  present  simiUr  pfivMrjf  form*. 

Now  according  to  two  suppositions,  the  first  being  that  entertained 
bj  the  Abb^  Hany,  the  other  arising  out  of  a  theory  which  will  be  pre* 
sently  itated,  the  moUeuU  of  tul^ur  may  be  an  imgdar  Utrahtdmty  or  a 
figkt  rhombic  farum^  and  the  mcleeuU  ofsOver  a  rtgular  tetrakedron^  or  a  cttie* 
But  the  cemf^Mmd  of  sulfikur  and  tUver  crystallizes  in  the  form  of  a  cube. 
Hence  the  molecule  of  sulphuret  of  silver,  arising  out  of  the  tkimical 
union  of  irregutar  tetrahedroru  with  the  regular  tetrakedrous  or  aibes^  accord- 
ing to  one  supposition,  or  of  right  rhombic  firitms  and  cubet^  according  to 
the  other  sapposition,  furformc  the  function  of  a  cub*.  If  this  subject  were 
pursued  it  might  be  shewn  that  the  cubic  function  is  performed  by 
molecules  very  variously  composed. 

f  Whether  these  little  cubes  would  consist  of  one  or  more  atoms  of 

^lead  and  of  sulphur,  or  how  these  elementary  particles  would  be  com* 

bined  in  the  production  of  a  cubic  molecule,  are  circumstances  not  im* 

mediately  relating  to  Crystallography,  however  interesting  they  may 

be  as  separate  branches  of  enquiry. 
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If  we  jredttee  a  crystal .  of  carbonate,  cf  lime  to  .frag- 
ments, the  planes,  of  those  fragments  will  be  found  to- 
incline  to  each  other  at  angles  wiuch  are  respectivelj 
equal  to  those  of  the  primary,  rhomboid.  We  there- 
fore infer  that  the  molecule  of  carbonate,  of  lime  is^  a 
minuU  rJumboid  similar  to  the  primary  form. 

Sulphate  ofbarytes  may  be  split  into  sight  rhorabic' 
prisms,  whose  angles  are  respectively  equal  to.  those 
of  the  primary  crystal.  It  is  therefore  supposed  thai 
the  primary  crystal  and  the  molecules  of  Ms  substance 
are  similar  prisms. 

Having  thus  found  that  crystals  belonging  to  seve- 
ral of  the  classes  of  parallelopipeds  may  be  split  into 
fragments  resembling  their  respective  primary  forms;, 
and  having  assumed  that  these  fragments  repre^nt 
the  molecules  of  each  of  those  forms  respectively,  it. 
has  been  concluded  that  the  primary  forms  and  the 
^molecules  of  all  the  classes  of  parallelopipeds.  are' 
respectively  similar  to  each  other. 

This  similarity  does  not  however  exist  between  the 
other  classes  of  primary  forms  and  their  respective 
molecules. 


Fig.  60. 

Fig.  61 
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If  a  regular  hexagonal  prism  of  phosphate  of  lime 
be  split  in  directions  parallel  to  all  its  sides,  it  may 
be  divided  into  trtAedra/  prisms  whose  bases  are  equi' 
lateral  triangles ;  these  may  be  regarded  as  the  mole-' 
cules  of  this  class  of  primary  forms. 

Fig.  60  shews  the  hexagonal  prism  composed  of 
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trihedral  prisms;   and  fig.  61   shews  the  trihedral 
prism  separately. 

Fig,  62- 


If  ire  reduce  a  cUbe^.^mte  of  lime  to  fragments, 
we  shall  find  that  it  does  not  split  in  directions  paral- 
lel to  its  planes  as  galena  does,  but  that  it  splits 
obliquely.  If  we  suppose  fig.  62  a  cube  of  fluor,  and 
we  apply  the  edge  of  a  knife  to  the  diagonal  line  a  A, 
and  strike  it  in  the  direction  of  c,  we  may  remove  the 
solid  angle ab  ec. 


Fig.  63. 


If  we  again  apply  the  edge  of  the  knife  to  the  same 
line  a  by  and  strike  it  in  the  direction  of  ^  we  may 
remove  another  solid  angle  a  bfd;  applying  the 
knife  again  in  the  direction  of  the  line  c  dy  and  strik- 
ing successively  in  the  directions  gy  and  hy  we  may 
remove  two  other  solid  angles. 

The  new  solid  produced  by  these  cleavages  is  re- 
presented by  fig.  63. 
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Fig.  64. 


If  we  apply  our  knife  again  to  the  line  i  ky  k  ly  I  »t, 
m  «,  fig.  64,  and  strike  in  the  direction  of  «,  we  niay 
remove  the  remaining  solid  angles  of  the  cube,  and 
we  shall  then  obtain  the  regular  octahedron  iklmno. 

Fig.  €5. 


The  position  of  this  octahedron  in  the  cube  is 
shewn  by  fig.  65. 

This  octahedron  is  the  primary  form  of  Jluate  of 
limey  and  it  may  obviously  be  cleaved  in  a  direction 
parallel  to  its  own  planes. 


Fig.  66* 
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To  illustrate  more  perspicuously  the  relation  we 
are  about  to  trace  between  the  octahedron  and  tetra- 
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hedron,  it  will  be  convenient  to  place  the  octahedron 
of  flaor,  which  we  hare  just  obtained,  in  the  position 
represented  in  fig.  66,  resting  on  one  of  Us  pkaUs. 

Fig.  67. 


In  this  position  of  the  crystal,  if  we  suppose  the 
three  lines  a  by  c  d,  e  f^  to  be.  drawn  through  the 
centre,  and  parallel  to  the  edges,  of  the  now .  upper- 
most plane,  and  if  we  apply  our  knife  to  the  line  a  6, 
we  may  cleave  the  crystal  parallel  to  the  plane  g, 
and  may  detach  the  portion  ab  g  l^  fig.  67. 


Fig. 

68. 
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By  cleaving  again  firoin  the  lines  c  d,  and  ef^  paraU 
lei  to  the  plane  A,  and  to  the  back  plane  of  fig.  66, 
and  bj  also  cleaving  parallel  to  the  plane  on  which 
the  figure  rests,  beginning  at  the  line  iky  we  shall 
obtain  a  regular  tetrahedron  as  seen  in  fig.  69.  In 
fig.  68  this  tetrahedron  is  exhibited  in  the  position 
which  it  occupied  in  the  octahedron. 


^  ikOhWOVfitBi 


Fig:  69. 


The  tetrahedron  thus  obtained,  may  be  reduced 
again   to  an    octahedron,  as  shewn  in  fig.  69,  by 
removing  a  smaller  tetrahedron,  as  abed,  from  each 
'  of  its  solid  angles. 

And  all  the  fragments  separated  from  the  octa- 
hedronv  bjr  the  cleavages  just  descmbed,  may  also  be 
reduced)  by  cleaning  ii>  the  proper  direciions^  ta 
regmlfur  ootahedl*6iis  an^' tetrahedrons* 
.  In  thik  cate.tob  distinct  sbKds  ane  obtained. Jrom  the. 
cfyuivagBpf^aii  octahedral  cry stal ;  and  the  Abb6  Hauy 
has^  chosen  lQ[amime  fAe  tetrahedron  ds  the  molectde  of 
the  octahedral  crystal^  upon  the  supposition  that  if  the 
cleavage  were  contint^ed  until  only  single  molecules 
remained  to  be  separated^  these  molecules  would  be 
tetrahedrons ;  and  the  octahedron  is,  according  to  his 
theory^  conceived  to  be  composed  of  tetrahedral  solids 
united  by  their  points^  and  octahedral  spaces,  * 
'  From  considerations  analogous  to  these,  the  Abb^ 
Haiiy  has  concluded  that  the  tetrahedron^  when  it 
occurs  as  a  primary  form^  is  constituted  also  of  ietrO' 
htdir^f.  n^olecMles  and  octahedral  spaces, 

,*  The  same  im^nary  structure  has  also  been  supposed  by  the  Abb£^ 
Hauy  to  exist  iu  every  class  of  octahedfons,  the  'molecules  peculiar  to 
e6c4i  beifag  distinct  iriiegular- tetrahedrons,  v^ryii^g  in  tKeir  ongliBs  iad' 
rf}4tiveUtfi«s9PX|«^iti<9i9hpartii:M|arcafie.   ;    ,  :    i. 

Bat  it  iyil|.b(f  s^teinpted  to  b^  sh^wfi  Dre9ently  that  tifi  imgaincir9> 
structure  doe't  not  ielong  to  the  octahedron^  and  that  the  tetrahedral  solid  does  nU 
represent  the  ptolecule  ofthatfo'rmm  '^ 


Xlie  ^  r^ukr :  Miic^h^drim  imy  fee  x  i(\e« ve<l .  into 

tdrahedronSf  as  will  be  shewn  Iq  di^fAaioit)oi|»voA.V$)e4n 
▼age.  Ofthe$e  the MHHaSf^haM  thopin  th^kt^- 
kr  ieirabedrom^Jar  ihe  mokeuic  of  ihe  dadecahednni 
and  he  has  supposed  thai  the  <li?crefficwl$  «#.  thi$  firwk 
are  produced  by  the  abstraction^  not  of  single  molecules  ^ 
but  of  masses  of  single  molecule  packed  into  the  figure 
of  those  obtuse  rhomboids  which  are  produced  from  its 
^leansage.* 

The  very  complicated  system  of  molecules  which 
the  Abbe  Haiiy  has,  by  this  view  of  the  structure  of 
the  octahedron  and  dodecahedlron,  introduced  into 
his  otherwise  beautiful  theory  of  crystals,  and  the 
apparent  improbability  that  the  molecules  of  the 
cube,  the  regular  octahedron,  tetrahedron  and  dode- 
cahedron, among  whose  primary  and  secondary  forms 
so  perfect  an  identity  ^ii65i>/5,, should  reall}[  differ  from 
each  other^  have  indu^isd  me  to  propose  a  new  theory 
of  molecules  in  reference  to  all  the,  classes  of  octa- 
hedrons,  to  the  tetrahedrons,  and  the  rhombic  dode- 
cahedron,  which  1  shall  i^ow  state. 

Fluate  oflimCy  as  we  have  seen,  has  for  its  primary 
form  a  regular  octahedron^  under  which  it  sometimes 
occurs  in  nature;,  but  it  is  generally  found  in  the 
form  of  a  cube^  and  sometimes  as  a  rhombic  dodeca- 
hedrouy  and  it  has  a  cleavage  in  the  directHbn  of  its 
primary  planes. 

Galena^  whose  primary  form  is  a  cube^  is  also  found 
under  the  forms  of  an  octahedron^  and  rhombic  dode^ 
eahedron^  with  a  cleavage  parallel  to  its  cubic  planes, 

*  Un4er  the  head  of  cleaTage  I  shall  endeavour  to  explain  the  nature 
of  the  relation  which  the  different  solids  obtained  by  cleavage  from  the 
tetralhedjon,  octdiedron,  and  rhombic  dodecabedron,  respectively  bear 
to  those  jftiiArf  tthfw,  and  t^  eaeh  other;  and  to  shew  Mm  thy  4/9  4u* 
IS  tkktr  9§*i  r^fin^  tkt  liltUmta  ef  ih^se  firms, 
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Chrey  capper'y  whose  ptrhottrf  form  is  a  ieffiditdAmy 
occurs  under  the  forms  of  the  cube^  aeiahedron^^'tLiiA 
rhombic  dodetahedrofi.  'r    - 

Bknde  is  found  sometimes,  >  though  ravely,  crystiil<^ 
lised  in  cubesy  sometimes  in  octdhedroniy  ietrak&ifonsy 
and  rhombic  dodecahedrons. 

.'♦ 
Fig.  70. 


If  we  attempt  to  fracture  a  cube  of  blende,  we  find 
it  will  split  in  directions  parallel  only  to  its  diagonal 
planes.  These  cleavages  will  truncate  the  edges  of 
the  cube,  and  if  continued  until  all  the  edges  are 
removed,  and  the  face  of  the  cube  disappear,  a  rhom* 
bic  dodecahedron  will  be  produced,  which  has  been 
considered  the  primary  crystal  of  bliende. 

If  a  cube  of  blende,  fig.  70,  be  cleaved  iii  directions 
parallel  to  its  diagonal  planes^  beginning  at  the  lines 
aby  c  dy  fig.  71  will  be  produced. 
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If  fig.  71  be  further  cleaved  in  directions  corres- 
ponding io  a  b  c  d  Cy  so  as  to  remove  all. the  perpen- 
dicular edge9j  and  to  obliteraie  the  remainder  of  tie 
perpendicular  planes  of  the  cube,  fig.  79  will  remaia. 
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Fig.  73. 
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Fig.  73  exhibits  the  dodecahedron  contained  in 
fig.  78;  this  may  be  obtained  hy  cleavages  in  direc- 
tions corresponding  with  the  lines  a  dfj  fig.  72^  which 
will  remove  the  solid  angles  of  the  base  on  which  fig. 
72  and  73  rest. 

Fig.  74. 


Fig.  74  shews  the  position  of  the  rhombic  dodeca- 
hedron in  the  cube. 

Having  thus  observed  that  the  cuhe^  the  regular 
tetrahedron  and  octahedroHj  and  the  rhombic  dodeca^ 
hedron  are  common  as  primary  or  secondary  forms  to 
different  crystallized  substances^  we  may  reasonably 
infer  that  they  are  produced  in  eaek  instume  by  mok* 


which  is  eommm  to  off/  and  let  u* 
mokeuU  to  be  a  oAe. 


€uk»  of  a  form 
auppose  this 


Fig.  75,  76,  77,  and  78,  shew  the  arrangement  of 
die  cubic  molecules  in  each  of  these  forms. 
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Fig.  75  in  the  tabe. 
Fig.  76. 


Fig.  76  in  the  tetimhednui. 
Fig.  77. 


fig.  n  in  Urn  oetdMltvir. 


ioLKctn,tir.  4t 

Fig.  78.  . 


Fig.  78  in  tbe  rliombie  dodecahedron. 

Tbese  smraiignBeiiti'  of  eabic'  moleculet  eanovt  be 
Dl>iected  to  oa  Boeqimtiif  tii»y«ipp«Bed'-i»p«fect>on 
of  aaHace  iriiidi  would 'be  occeBioBCdby  the'&oea  of 
all  the  primary  forms,  except  the  cube,  bein^  cen- 
stituted  of  the  edges,  or  solid  angles,  of  the  molecule*. 
For  as  we  observe  that  the'  octahedral  and  dodeca- 
hedral  planes  of  some  of  the  secondary  crystals  of 
^lena,  which  arc  obviously  composed  of  the  solid 
angles,  or  edges,  of  the  cubic  molecules,  are  capable 
of  reflecting  objects  with  great  distinctness,  it  i» 
evident  that  the  size  of  the  molecules  of  galena  is 
less  than  the  smallest  perceptible  inequality  of  the 
spleadent  surf(^ce  of,  those  planes,  and  hence  we  in- 
fer generally  that  there  will  je  no  obsenable  difference 
in  brilUivic^  belwfen  th^e^  surfaces  of  the  planes  obtained 
by  cleavage  parallel  to  the  sides  of  molecules,  and  of 
those  which  would  expose  their  edges  or  solid  angles. 

Tt^,  theory,  may  be  reconciled  with  the  cltaoagei 
TObick.'are./pvti^^^  laioi  place  jMrallel  to  the  primary 
piaaet  of  the  tetrahedron,-  the  octahedron,  and  the  rho^t* 
bic  dodecahedron^  as  voell  as  to  those  of  the  cube,  if  we 
suppose  the  *idnc  molecules  capable  of  being  held  to- 
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gether  with  differeni  degrees  of  aiiractive  farce  in  dif 
ferent  directions.  * 

I  shall  call  this  force  mofectriar  attraction. 

Fig.  79. 


"y 


2± 


When  this  attraction  is  least  between  the  planes  of 
tiie  jtno/eetf/tftf^iibey  will  %e  more  easily  separated  by 
cieaY4l|g[eriii,<Ae  direction  ^ their 'piamesj  than  ]ii>«ny 
'other  dineotioli/  a^.^hewftia  figj  79,'aAil  a  cubic  solid 
will  be  obtained..  •  . 


Fig-  80. 


When  the  attraction  is  least  in  the  direction  of  the 
axis  of  the  molecules^  they  will  be  the  most  easily  se- 
parated in  that  direction,  as  in  fig.  80,  and  the  octo- 
hedron  or  tetrahedron  will  be  the  result  of  cleavage. 

*  It  is  possible  to  concerre  that  the  natutv,  the  number,  and  the  par- 
ticokr  forms,  of  the  lUmmUryjtarHtiu,  wliich  enter,  respecthrely,  into 
the  composition  of  these  three  species  of  cubic  molecules,  ttaj  Y»ry  to 
much  as  to  produce  the  yarietj  of  character  which  I  have  supposed  to 
exist.  . 
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Pig.  81. 


And  if  the  attraction  be  kitst  in  the  direction  of  its 
diagonal  planesy  the  edges  will  be  most  easily  sepa- 
rated, as  in  fig.  81,  and  a  rhombic  dodecahedron  wiH 
be  the  solid  produced  by  cleavage. 

This  supposition  of  greate>r  or  less  degree  of  niole* 
cular  attraction  in  one  direction  of  the  molecule  tbaji 
in  another^  is'consistent  with  many  well  known  facts 
in  Crystallography. 


Fig.  82. 


$' 


The  primary  form  both  of  corundum,  and  of  car- 
bonate of  lime,  is  a  rhomboid;  and  the  crystals  of 
tbese  substances  may  be  cleaved  parallel  to  their  pri- 
mary planes,  the  carbonate  of  lime  cleaving  much 
more  readily  than  the  corundum.  But  the  corundum 
may  als&be  cleaved  in  a  direction  a  by  fig.  82,  perpen- 
dicular to  its  axis,  which  carbonate  of  lime  cannot  be; 

This  cleavage  would  either  divide  the  rhombic  mole- 
cules in  halj]  or,'  the  cleavage  planes  would  expose  the 
terfninal  solid  angles  of  the  contiguous  molecules, 
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But  it  is  contrary  to  the  nature  of  molecules  that 
they  should  be  thus  divided,  and  we  may  therefore 
infer  from  this  transverse  cleavage  that  the  molecular 
attraction  is  comparatively  less  in  the  direction  of  the 
perpendicular  axis  of  the  molecules  of  corundum, 
than  it  is  in  the  same  direction  of  those  of  carbonate 
of  lime.  And  from  the  greater  adhesion  of  the  planes 
of  corundum^  than  of  those  of  carbonate  of  lime^  we 
infer  that  the  attraction  is  comparatively  greater  be- 
tween the  planes  of  the  molecules  of  the  corundum, 
than  between  those  of  carbonate  of  lime.* 
'  This  supposition  of  the  existence  of  a  greater  or 
less  degree  of  molecular  attraction  in  one  direction  of 
the  molecule  than  in  another,  appears  to  explain  the 
nature  of  the  iix)o  sets  of  cleavages  which  occur  in 
Tungstat  of  lime :  one  of  these  sets  is  parallel  to  the 
planes  of  an  acute  octahedron  mth  a  square  bascy 
which  we  will  call  the  primary  crystal ;  the  other  set 
would  produce  tangent  planes  upon  the  terminal 
edges  of  that  crystal.  If  we  suppose  the  molecules  to 
consist  of  square  prisms  whose  molecular  attraction  is 
greatest  in  the  direction  of  their  prismatff  axis,  and 
nearly  equal  in  the  direction  of  their  diagonal  planes y 
and  of  their  oblique  axes^  the  first  set  of  cleavages  may 
be  conceived  to  expose  the  edges  of  the  molecules^  and 
the  second  set  to  expose  their  solid  angles, 

^  *  I  am  aware  of  an  objection  that  may  be  made  to  this  view  of  th^ 
subject,  by  supposing  all  the  cleavages  which  are  not  parallel  to  the 
pvimsLTj  planes  of  a  crystal,  to  be  parallel  to  some  secondary  plane,  and 
to  be  occasioned  by  the  slight  degree  of  cohesion  which  frequently  sub- 
«i«tt  between  thp  secondary  planes  of  crystala  and  the  plaeet  of  inole^ 
cules  which  successively  cover  them  during  the  increase  of  the  crystal 
in  size;  but  although  the  second  set  of  cleavages  may  sometimes  be 
connected  with  the  previous  existence  of  a  secondary  plane,  it  may  also 
be  explained  according  to  the  theory  I  have  assumed. 

Those  cleavage  planes  which  would  not  expose  the  planes,  edges  or 
solid  angles  of  the  molecules,  must  be  considered  to  belong  always  to 


Thifl  theory  may,  by  analogy,  be  extended  to  the 
form  of  moleculeis  of  every  class  of  octahedron. 

For  we  may  conceive  the  molecules  of  all  the  irre^ 
guhr  ociahedrons  to  be  pamllehpipedsy  whose  leas^ 
fnokeuhr  Mraciion  is  in  the  direction  of  their  diagonal 
planes. 

Thus  the  molecules  of  octahedrons  with  a  square y  a 
rectangular^  and  a  rhombic  base^  would  be  square^ 
redangulary  and  rhombic  prisms  respectively/  the 
dimensions  of  such  molecules  being  proportional  re* 
^pectioelj/  to  the  edges  of  the  base  and  to  the  axis  of 
each  particular  octahedron. 

According  to  the  view  here  taken,  the  following 
table  will  exhibit  the  form  of  the  molecules  belong^^ 
mg  to  each  of  the  classes  of  primary  forms. 

The  cube *! 

:^^^^::::::::H-u..c»be. 

riiombic  dodecahedron  ....••  j 

an  quadrangular  prisms. .....    molecules,  similar  prisms. 


oetahednm  with  a  .qaaTe  ba»  }  '°°'^;^*';.*.*^"^' 

'      rectangular  C  molecule,  a  rectan* 
base \     gular  prism 


rhombic  baw  \  n>^«"le.a  rhombic 
^     prism 


Proportional 
in  dimensions 
to  the  edges 
of  the  base, 
>•&  to  the  axis 
of  each  parti- 
cular octohe- 
dron,  respec- 
tively. 

rhomboid  .• molecule,  a  similar  rhomboid 

hexagonal  prism S^olec^e.  an  equilateral  trianguUr 

Having  thus  advanced  a  new  theory  of  molecules 
in  opposition  to  one  that  had  been  long  established, 
and  possibly  without  a  much  better  claim  to  general 

the  class  of  planes  of  eomfiotitioH,  a  term  which  Mr.  W.  Phillips  has 
plied  to  those  cleavage  planes  which  result  from  cleavages  parall^^ 
secondary  planes  only. 

g3 
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reception  than  the  former  theory  possessed,  I  cailtiot 
avoid  observing  that  the  w?iole  theory  ofmokcules  and 
decrements^  is  to  be  regarded  as  little  else  than  a  series 
of  symbolic  characters^  by  whose  assistanca  we  are 
enabled  to  investigate  and  to  demonstrate  with  greater 
facility  the  relations  between  the  primary  and  second- 
ary forms  of  crystals.  And  under  this  view  of  the 
subject,  we  ought  to  divest  our  notions  of  moleculesy 
mnd  decrementSy  of  that  absolute  reality,  which  the. 
manner  in  which  it  is  necessary  to  speak  of  thein  in, 
order  to  render  our  illustrations  intelligible,  seema 
generally  to  imply. 


Section  111. 


STRUCTURE. 


Tqe  stracture  of  crystals,  or  the  order  in  which 
their  molecules  are  arranged,  may  be  inferred  from 
an  experiment  with  common  salt.  If  we  dissolve  a 
portion  of  this  salt  inwater,  and  then  suffer  the  water 
to  evaporate  slowly,  crystals, of  salt  will  be  deposited 
on  this  sides  and  bottom  of  the  vedseK  These  will  at 
first  be  very  minute,  but  they  will  increase  in  size  as 
the  evaporation  proceeds;  and  if  the  quantity  of  salt 
dissolved  be  sufficient,  they  will  a;!  length  attain  a 
considerable  bulk.  If  the  forms  of  the  small  crystals 
be  examined,  they  may  be  found  to  consist  of  en- 
tire, or  modified  cubes.  If  we  continue  to  observe 
any  of  these  cubic  or  modified  crystals  during,  their 
increase  in  bulk,  w'e  may  find  that  the  forms  of  some 
of  them  undergo  a  .  change,  by  the  addition  <yf  new 
planes,  or  the  extinction  of  some  that  had  previously 
existed.  But  we  shall  also  frequently  find  that  both 
the  cube,  and  the  modified  crystal,  when  enlarged, 
preserve  their  respective  forms*  The  increase  of  a 
crystal  in  size  appears  therefore  to  be  occasioned  by  the 
addition  ofmoiecules  to  some,  or  ally  of' the  planes  of 
the  smaller  crystal^  whether  these  planes  be  primary  or 
secondary. 
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Fig.  83. 


^    i 


«.•     >     >    ^ 

y 

■  y 

If  we  apply  the  edge  of  a  knife  to  the  surface  of 
any  one  of  these  cubic  crystals  of  common  €alt,  in  a 
direction  parallel  to  an  &^e  of  the  cube,  as  at  a  69 
fig.  %%  the  crystarmay,  by  a  alight  blow,  be  deaved 
parallel  to  one  of  its  sides. 

If  we  apply  a  knife  in  the  same  manner  suceessi  vely 
to  the  other  lines  td^  ef^  gh<^  and  to  the  other  sur- 
fiices  of  the  crystal,  so  that  its  edge  be  parallel  in 
each  instance  to  the  edge  of  the  cube,  we  shall  find 
that  there  ate  cleavages  parallel  to  all  the  planes  of 
the  cube ;  and  if  the  crystal,  be  split  with  perfect 
accuracy,  a  cubic  solid  may  be  extracted;  and  the 
rectangular  plates  which  have  been  removed  by 
these  cleavages,  may  be  also  subdivided  into  smaller 
cubes. 

From  these  circumstances  we  infer  that  the  mole* 
cules  which  have  successively  covered  the  planes  cf^ 
the  small  crystals^  are  cubesy  and  that  they  are  so 
arranged  as  to  coAstiUde  a  series  of  plates^  as  sheivn 
in  p.  18.  And  we  further  conclude  that  the  molecular 
attraction  is  leasts  in  common  salt,  between  the  sur'^ 
faces  of  the  molecules. 

This  regular  structure  is  supposed  to  belong  to  all 
regularly  crystallized  bodies. 

It  frequently  happens  that  the  regular  crystal- 
lization of  bodies  has  been  prevented  by  some  dis« 
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tnrbing  cause,  in  which  case  the  crysialline  mass  will 
be  curved  or  otherwise  irregular,  or  it  may  even 
present  a  granular  character.  This  granular  cha* 
racier  would  be  presented  if  the  solution  we  have 
supposed  of  common  salt  were  rapidly  evaporated 
and  suddenly  cooled. 


«  •  .  »■'»  J  »     . '.  :  - 
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Section  IV. 
CLEAVAGE. 

The  spiking  a  crystal  in  the  manner  already  des» 
cribed)  is,  in  the  language  of  Mineralogy,  termed 
cleaving  iU 

The  direction  in  which  the  crystal  can  be  split  is 
calljed  the  cUrectioH  of  the  cleavage^  or  the  natural 
Joint  of  the  crystal. 

The  direction  of  the  natural  joints  may  depend, 
according  to  the  preceding  theory,  upon  the  com- 
parative degrees  of  molecular  attraction  existing  in 
the  different  directions  of  the  molecules.  This  may 
be  so  proportioned  in  different  directions,  as  to  occa^ 
sion  other  cleavages  than  those  which  are  parallel  to 
the  planes  which  we  may  assume  as  the  primary 
planes,  as  in  the  instances  already  cited  of  the  corun* 
dum,  and  tungstat  of  lime. 

When  this  occurs  the  orystil  is  said  to  possess  two 
or  more  sets  of  cleavages.  Those  which  are  parallel 
to  the  planes  of  the  primary  form,  are  called  the 
primary  set,  and  those  whieh  are  not  parallelto  those 
planes  are  termed  supernumerary  sets. 

The  oxide  of  tin,  described  by  Mr.  Phillips  in  the 
Greological  Transactions,  has  three  sets  of  cleavages  ^ 
one  parallel  to  the  planes  of  an  obtuse  octahedron 
with  a  square  base,  which  is  considered  the  primary^ 
sety  and  two  others  which  are  supemumernrt/^  and 
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are  parallel  to ^  the  .edges,  and.  to  the- diagonals,  of 
the  square.bafle,  being  at  the  same  time  perpenditular 
to  the  i^ne  of  that  base% 

If  all>the  planes. of  any  primary  Ibirm  hetimipty  aa  ^ 
those  are  of  |j^e  cube,  rhomboid,  and  some  other 
forms,  the  primary  cleaoagegkmU  generally > be  gr- 
eeted with  equal  fiicilky  in  tne  direction. of  each  vr 
those  planes,  and  the  new  planes  developed  by  this 
cleavage  will  be  simila^in  lustre  and  general  cha- 
racter. This  may  be  illustrated  by  cleaving  galena 
and  carbonate  of  lime. 

Where  the  planes  of  a  primary  form  are  not  all 
similar,  asJn  all  prisms,  and  some  octahedrons,  the|| 
primary  cleavage  is  not  effected  with  equal  iacility  in 
all  directions,  nor  do  the  new  planes  all  %gree  in 
their  general  characters.  Hence  the  cleavage  planes 
of  a  mineral  will  frequently  enable  us  to  determine 
what  is  noi  its  primarji^  £^rm,  by  their  similarity  or 
dissimilarity;  but,  as  will  be  seen  in  the  secticm  on 
primary  forms,  the  cleavage. is  not  sufficient  to  deter* 
mine  what  the  primary  form  really  is. 

Felspar,  cyanite,  and  sulphate  of  lime,  afford  in* 
stances  of  the  greater  facility  wjlfa  which  a  cleavage 
takes  place  in  one  or  two  dir^tions  than  in  any 
other.  ^ 

The  Abb^  Haiiy  has  supposed  that  these  unequal 
cleavages  are  occasioned^  by  the  unequal  extension  of 
the  different  primary  planes.  The  broader  planer, 
presenting  more  points  of  contact  than  the  narrower 
ones,  may,  he  imagines,  be  held  together  with  greater 
force  than  the  narrower  ones  are»  This,  may  possibly 
be  the  causes  of  the  observed  inaqunUty  of  ele^v^^;?, 
or  possibly  idiere  the  planes  are  unequal,  the  decree 
of  attraction  between  point  and  point  it  unequal 
also. 


Tbere  areamdng  nfmierak  some  sublitiiiiceB  wUeh 
yield  readily,  to  meohaniGal  divisioa  ib  ane^ar  two 
^  directions^  but  do  not  admit  jrf  dMntt  ekaoage  in  a 

y  Mrd^^frtctionyB^  as  to  produce  a  regular  solid. 
'  Tbis^  oireuiBstanee  has  introduced  ^o  mineralogy 
ijjm  terms  singk  clearfMe^  or  doubie^  triple^  fourfold^ 
A.  deavage,  which  are  sometiiDes  perplexity  to  a 
learner,  )as  they  may  be  confounded  with  the  different 
sets  of  cleavages  before'  spohen  of. 

fiut  these  terms  single^  dmble,  triple  cleavage,  &c. 
are  intended  to  refer:  strictly  to  the  sets  of  primary 
tleatage  only^ 
0k  When  a  mineral  can  be  split  in  only  one  ditedion^ 
the  cleavage  is  said  to  be  single ;  when  in  two  direct 
iions'j  wlKch  may  be  conceived  to  give  four  sides  of  a 
prism,  it  has  a  double  cleavage. 

When  there  is  a  cleavage  in, three  dir^elions^  such 
as  to  produce  either  the  lltil^tal  planes  of  the  hex- 
agonal prism,  or  a  sc^d  bounded  by  six  {danes  which 
are  parallel  when  taken  two  and  two,-  it  is  termed  a 
II*         triple  cleavage, 

Afburfotdclenrtkgej  or  one  in  fourMireqOms^  will 
produce  a  tetrahed|oj],  an  octahedron,  or  a  perfect 
hexagondprism ;  'e  tw4^ latter  solids  ccmsistiag  of 
four  pairrof  parallel  plaiv^s,  lying  in  as  many  dif* 
ferent  directions. 

^  The  rhombic  dodecahedron  possesses  six  pairs  of 
parallel  planes  Ij/ing  in  different  directions,  and  may 
be  said  therefofse  ta  have  a  sixfbld  cleavage. 

Sometimes  the  natural  joints  of  a  crystal  may  be 
perceived  by  turning' it  round  in  a  strong  light,  al<> 
thojpi^  it  cannot  be  cleaved  in  the  directlim  of' those 
jMttts. 

* '  Different  specimens  of  the  same  substance  will  also 
yield  to  the  knife  or  hammer  with  unequal  degreed  of 
facility;  and  even  carbonate  of  lime,  which  splits 
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readily  in  ffeneral,  will  sometimes  present  a  con- 
choidal  fraclnre.* 

As  a  crystalline  solid  cdrniot  be  containtd  within  planes 
lying  in  less  than  tkree  directions^  it  is  obvious  ^at  it    v 
cannot  be  prcN^ced  by  a  single  or  double  cleavage. 

The  solids  obtained  by  cleavage  may  therefore,  7 

according  to  what  has  preceded,  dbnsist  either  of 
primary  fori^  produced  by  triple^  fourfold^  or  sixfold 
primary  cleauges,  or  of  other  forms  resulting  from 
the  supemufMrary  cleavages,  either  alone  or  com- 
bined with  the  pr^ary.  ^ 

BnJt  anther  cf^ssot  solids  may  aUo  reault  from 
deavaMi^hen  that  tol^e  placa  parallel  la  some  only  » . 
of  the  primary  :pUmes  of  thpse  f9riii9  which  possess 
fod$rfoldQr$i^ldf:i^Yage8* 

From  a  primary  triple  iclen^fige  ^t.  is  clear  that  only 
A  iivgle  9Qlii  can  he  produc^^^  that  solid  being  a 
parallelopiped.  Biltt  ^fijfpn  either  ^fourfold  of  sixfold 
primary  cleavage,  more  thdfh  one  solid  merjr  result, 
according  as  the  cleavage  takes  place  parallel  to  a//, 
or  only  to  some,  of  the  primary  planes.  « 

*  Some  practice  is  necessary  in  order  to  cleave  minerals  neatly,  and  ^ 

some  experience  in  the  choice  of  the  instiiiments  to  be  used  for  this  W 

purpose.  #  .      .  A 

1p  In  many  instances,  the  mineral  being  placed  on  a  small  anvil  outran  '*' 

or  lead,  a  blow  with  a  hammer  will  be  sufficient  for  dividing  it  urthe 

direction  of  its  natural  joints ;  and  sometimes  a  knife  or  small  chissel 

may  be  applied  in  the  direction  of  those  joints,  and  pressed  with  the 

hand,  or  struck  with  a  hammer;  or  the, crystal  may  be  held  in  the      a 

hand  and  split  with  a  small  knife;  or  it  may  be  spl^by  means  of  a  pair     ^ 

i3i  MkaiiL  cviOdng  ptDcen  wiose  ^ts  are  paraVct*        ^       "^  «  I  *▼ 

A  spaU  short  chissel,  ^ed.wjt^  its  edge  outward  in  a  blocjcof^'vifood^ 
b  a  convenient  instrument  for  resting  a  mineral  upon  which  we  are 
denrow  of  cleaving. 


*• 
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If  we  cleave  an  octahedron  parallel  to  six  only  of 
its  planes,  omitting  any  two  opposite  oneg,  a|||^ft  and  e, 
fig.  84)  and  if  we  continue  the  cleavage  iihti^  only 
the  central  points  of  the  plani^s  b  and  e  remain,  a 
figure  otsix  sides  will  evidently  be  produced. 

This  figure  is  a  rhomboid  whose  plane  angles  are 
60*andl«0*.  ^^   * 


# 


V 


^ 


^ 


Fig.  85. 


)r.' 


Fig.  85  shews  the  position  of  this  rhombdid  in  the 
octaM^dron,  from  which  it  is  evident  that  the  cleavage 
would  be  continued  as  far  as  the  lines  i  k^  I  my  n  Oy 
and  those  which  are  parallc^l  to  them  on  the  opposite 
plane. 
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Our  rhomboid  maj  thus  be  regarded  as  an  imperfect 
oetahedroHyitwo  of  its  planes  being  concealed^  or  covered 
hjf  small  tetrahedrons^  p  r  s^  and  t  u  Xj  vlb  in  figure 
86.  These  tetrahedrons  consist  of  masses  of  cubic 
molecules,  and  by  their  removal,  as  in  fig.  87,  we 
sliall  obviously  reproduce  the  perfect  octahedron, 

Fig.^ 


i 


Fig.  86  exhibits  the  same  rhomboid  separately,  the 
planes  being  marked  with  the  sahie  letters  as  are 
placed  on  such  planes  of  the  octahedron  as  are  pa« 
rallel  to.  tho^pof  the  included  rhomboid. 

Fig.  87. 


*  If  we  now  cleave  the  octahedron  para/fe/t'/o  an^ 
four  alternate  planesy  as  c  df,  ef  fig.  84,  and  continue 
the  cleavage  as  &c  as  the  lines  t  kj  Im^  n  o,  fig.  88, 
and  until  only  the  central  points  of  the  four  planes 
^y  ^9  gi  ^>  remain,  we  shall  produce  a  regular  tetra«  ^j 

hedron,  as  shewn  by  the  interior  lines  in  the  figure. 
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Fig<89« 


Fig.  89  exhibits  this  tetrahedron  separately, 'its 
planes  being  marked  with  the  same  letters  as  appear 
on  the  planes  of  the  octahedron,  fig;  84,  whieh  are 
parallel  to  those  of  the  included  tetrabedron. 


^  Fig.  90. 


# 


^ 


The  tetrahedron  thus  obtained  may  be  regarded  as 
an  imperfect  octahedron^  four  pf  its  planes  being  cofk^ 
cealed,  or  covered  by  smaller  tetrabednms,  p  q  r  s^ 
p  q  u  tj  u  q  X  V,  q  x  r  y,  sa  in  iSg.  90,  and  it  ui 
capable  of  beinfiyredoced  again  to  the  perfect  octa«* 
hedron  by  the  tcdiot^I  of  those  masses  of  cubic 
molecules  which  constilike  the  tetrahedrons  by  which 
the  concealed  planes  are  covered. 

,The  tetrahedron  and  octahedron  have  thus  ob- 
viously the  same  set  of  cleavages,  and  if  the  tetra- 
hedron be  the  primary  form,  the  octahedron  may  be 
regarded  as  an  imperfect  tetrahedron,  requiring  cer- 
tain additions  to  complete  that  form.* 

*  The  ttnidnt  tt  adyised  to  txace  the  relatioa  of  the  octahedron  to 
the  acute  rhomboid,  and  tetrahedron,  by  means  of  an  octahedron  of 
fiuor  produced  by  cleavage  or  otherwise.  Let  hkn  place  this  on  a 
table,  and  by  the  asdstance  of  a  small'  hammer  and  a  knife,  he  msLf 
pmcore  from  it,  by  well  dbusvimf  Jdkt  6gttBes  an  he  proceeds,  th« 
acute  riiomboid*  flfi4.tetrjMief4r9ii,  Aud  from<thei4  he  may  re^prc^uce 
the  ootahednuQ. 
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Fig.  9L 


If  the  ilionffiic  dodecahedron,  figf.  91,  be  deaved 
parallel  to  the  planes,  a,  by  c,  d,  and  to  the  four 
planes  oppositet^io  these,  until  the  four  remaining 
planes  of  the  dodecahedron  disappear j  an  obtuse  octa* 
hedron  mil  be  produced. 


^ 


Fig.  92. 


Fig.  93  exhibits  this  octahedrop  separately,  the 
planes  being  marked  bj  the  s^ame  letters  as  appear   ^ 
on  the  corre^>onding  planes  of  the  dodecahedron.         V 


Fig.  93. 


4^ 
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,  If  the.  cleavage  be  effected  parallel  jonly  to  the 
planes  a,  d,  €,  and  A,  6,  A:,  until  the  other  prlm^iry 
planes  disappear,  an  obtuse  rhomboid  will  result,  as 
soen  in  fig.  93;  tbis  rhomboid  meanires  190*  over 
the  edges  at  which  the  planes  ^  and  e,  meet. 


t 
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If  the  cleavage  take  place  parallel  only  to  the 
planes  c  d  and  i  k,  and  be  continue^ntil  only  tbe 
four  cleavage  planes  remain,  an  irregular  tetrahedron^ 
fig.  94,  will  be  produced,  whose  planes  meet  at  an 
angle  of  90°  at  the  edges  n  Oy  p  q^  and  at  an  angle 
of  60**  at  the  other  edges* 

Thus  an  obtuse  octahedron,  d  on  iti,  fig.  92,  "^^^"^ 
suring  60%   an   obtuse  rhomboid  of   120%     and   ail^ 
irregular  tetrahedron,  obtained  by  partial  cleavages 
from  the  rhombic  dodecahedron,  may  be  regarded  as 
imperfect  dodecahedrons,  to  which  figure  they  may  be 
reduced,  by  detaching  from  each  solid  the  portions  of 
cubic  molecules  which  respectively  cover  the  obscured 
dodecahedral  planes. 
^       But  it  is  very  obvious  that  these  imperfect  forms^ 
^  may  be  obtained  as  well  by  cleaving  at  once  through 
the  interior  of  the  crystal,  in  directions  parallel  to  8  ta 
G  or  to  ^  omb/  of  the  primary  planes,  as  by  beginning 
to  cleave  from  the  outside,  and  arriving  by  degrees  at 
the  new  figure  in  the  manner  already  described. 

Hence  it  appears  that  a  disse^ion  of  the  octahedral 
and  dodecahedral  crystals  by  cleavages,  fkrallel  to  some 
only,  of  the  primary  planesy  will  yield  only  the  imper^ 
feet  solids  above  described,  not  any  of  which  wilt 
represent  the  molecules  of  which  the  crystals  are  com- 
posed,* 

•  •  « 

'  *  l^nde  wiR  «flbrd  Ac  sftrilairt  m  dppoitiinity'of  produtfng,  hf 


Tbe  rel«tMHi  of  the  tetimbedrMi  to  tlie  octahedron 
in  referenee  to  tjie  theoiy  of  cubic  tnoleculea,  noLj  b* 
explained  in  the  foUowiDg  manner. 

Tbe  Abb£  Hauy's  theory,  it  will  be  recolleeted» 
uqiposes  that  if  the  tetrahedron  obtained  bj  cleavage 
from  the  octahedron,  were  to  be  succesaively  reduced 
to  aa  octahedron  and  four  still  smaller  tetrahedrons,, 
we  should  at  length  arrive  at  a  tetrahednm  c(»aiBtiog 
of  four  single  t«trahedrel  raoleculea  ench*'^  only  an 
octahedral  space,  instead  of  an  octahedral  solid. 

But  according  to  the  stmcture  assigned  to  the 
octahedron  by  the  theory  of  cubic  molecules,  that 
ligiure  13  an  entire  solid;  and  the  smallest  tetim- 
hedron  that  can  be  imagined  to  exist,  will  contain 
an  octahedral  solid,  and  would  be  reduced  to  an 
octahedron  by  the  removal  of  four  cubic  molecules 
from  its  four  solid  angles,  and  not  of  four  tetrahtdroiu. 

Fig.  95. 


Fig.  96. 


Let  fig.  96  be  supposed  to  represent  the  smallest 
octahedron  that  can  be  imagined  to  exist,  formed  of 
seven  cubic  molecules,  and  let  fig.  95  represent  a 


06'  GtEktkQt. 

tetrkliedrdft  cdAtfttniilg-tlifld  khilittte  bettfbMhioii;  ^Tlie 
fdnrsdi&drbn  trotild  obvibudy  t)e  riefdtKsiblib  td  thb  M^' 
tahedron,  as  other  tett^hedronfr^  ar^,  hf  tid  r^fttioval 
olPalll^  solid  angl66.     -    ' 

BM  it  is  a^^efil  fbat  tifd  isolid  ^HgV^  to  be  re- 
ihbVeid  ia  thus  iii^t^nce^  ^re  the  fi^iaaU  G(dbes'«  e  g*  i, 
aftd  'b|f  their  'removal  tike  oetaili^dral  solid  shewn  ia 
%  §6  wiir  remain. 

Thikoiitahedron  is  supposed  to  rest  oii  ohe  ofit& 
planes,  and  the  inolecales  6  c,  c  h,  fc^  cd^  nn^yise 
6bnceiVed  to  constitute  fbur  of  its  edgtBs.  ' 

I'htis  the  neeesdity  of  adapting  the  tdrahedroh  a9 
th6  molecule  of 't6^  botahedron  is  Removed,  and  in 
donset^bence  a  niore  simple  tbeory  of  tll!e  ^truetbre 
6f  the  octahedi^oti,  may  be  substiliited  for  th^t  whiell 
has  beeti  established  upon  the  adopti dn  of  tetf  khediitl 
moli^cuies. 

By  a  similar  mode  of  reasoning,  the  compatibility 
of  the  cubic  molecule  with  ihe  solids  obtained  by 
cleavage  from  the  rbombic  dodecahedron,  might  be 
shewn;  and  by  adopting  the  cubic  molecule,  a  more 
simple  theory  of  decrement,  in  relation  to  the  rhom- 
bic dodecahedron,  may  be  substituted  for  that  which 
has  been  established  upon  the  assumption  of  the 
irregular  tetrahedron  as  the  integrant  molecule,  and 
the  obtuse  rhomboid  as  the  subtractive  molecule. 


'     J    i;r    •' .     •;    '  ' 


Section  V. 


DECREMENTS. 


Decrements  have  been  already  defined  to  be  either 
simpkj  tfiixedy  or  intermediarj/ ;  and  the  simple  decre- 
ments have  been  divided  into  two  classes,  according 
as  thej^  take  place  in*  breadth^  or  in  heigfii :  see  Defi- 
nitions, page  19. 

The  manner  in  which  all  the  classes  of  decrements 
operate  in  the  production  of  new  planes,  has  also 
been  explained. 

Simple  and  mixed  decrements  take  place  either  on 
the  edges  of  crystals,  or  on  the  angles^  and  produce 
new  planes  whicti  intersect  one  at  least  of  the  primary 
planes  J  in  lines  parallel  to  one  of  its  edges  or  diagonals. 

Fi^.  97. 


If  either  a  simple  or  mixed  decrement  take  place  on 
the  edge  a  &,  of  any  primary  form  whatever,  a  iiew 
plane  is  producea,  whose  intersection  c  dy  with  the  pri' 
mary  plane  along  which  the  decrement  may  he  conceived 
to  proceed^  is  parallel  to  the  edge  a  ft,  Jirom  which  it 
may  be  said  to  begin  lor  set  out. 

^flg.  97  shews  ib6  tharftcter  of  the  secondary  plane 
produced  by  a  simple  or  mixed  decrement  on  the  edge 
of  a  rectangular  pri^.    . 

I  2 
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OECBEXSITTS. 


.  ••1. 


Fig.  96. 


Fig*  98  she W9.  the  chfiiact^r  of  a  similar  plaae  on 
th€  edge  of  a  tetrahedron. 


Fig.  9d. 


Fig.  99  shews  the  character  of  a  similar  plane  on 
the  edge  of  an  octahedron. 

If  a  simple  or  mixed  decrement  take  plitce  on  the 
angle  of  a  tetrahedron  or  octahedron^  one  new  edge 
c'  d%  pf  the  secondary  plane,  will  be  always  parallel 
*to  an  edge  a  b,  of  the  primary  form,  as  shewn  la 
Jgures  98  and  99. 

"  If  either  a  simple  or  mixed  decrement  taj^e  place  oa 
the  angle  o(  SLfky  primary  form,  except  the  t^rahedron 
and  octahedrony  a  new  plane  is  produced^  whose  in- 
tersection with  the  primary  plane,  along  whieh  th^ 
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deerement  majr  be  cooceived  to  proceed,  is  parallel 
io  the  diagonal  iff  thai  plane. 


Fig.  100- 


Fig.  100  exhibits  a  plane  produced  on  the  aiif  1^  of 
a  rectangular  prism,  by  a  simple  or  mixed  decreipent; 
the  edge  c  dy  of  the  secondary  plane,  being  parallel  to 
the  diagonal  a  by  of  the  primary  form. 


Fig.  101. 


•  •  «  ._         , 

Intermediary/  decrements  may  be  said  to  iak&  puice 
'  only  on  the  solid  angles  of  crystals,  by  the  omission  of 
unequal  numbers  of  rool^cules.ia  the  direction  pf 'the 
edg;es  which  fxipet  at  such  solid  angle.  And  a  plan^ 
is  thus  produced,  none  of  whose  lines  of  fnt^rs.ectia^j 
j0  fry  cb^ac,  with  the  primary  planes^  are  parallel  to 
^^Jf  ^dgej  or  diagonal  of  those  planes. 
'■  Fig.  I|01  shews  t^e  position  of  a  plane  produced  by 
aa.  ifitin'mediary ^  decrem^t  on  the  angle  of  a  roc^Ur 
gular  prism.  ,  . 


•  •  I  t  .* 


I  ill 


/     Fig,  41^,         ,, 


:•    yj     ) 


'  F^.  109  cdhtains  a  simHar  decrement  on  tke  aiigle 
cff  a  tetrtthedron . 


I      > 


» 


Fig.  JPS. 


jPig,  1Q3  s^ewjs  the  effect  of  a  similar  decrement  on 
th^  kngle  of  an  octahedron. 


»  \-  ■  •  ■ 


'  Iii'tHe  lUustrfeitiiynsWthef to  given  of  the  nature^ 
'deicrbiiielits,;  and  of  the  characters  of  the  secondary 
'plahWs '  pf6di;ifced  by  them,  we  have  considered  the 
*feflfect  produced  upon  only  «  single  edge  xyt^gU  ^ 
the  primary  form.  But  as  decrements  geaer^ly  tjE^IiDe 
place  i^^ui^iljr  on  £{//  the  simtleur  edges  and  ^angle8  of 
'any  irWriiary  form,  it  will  be  necessary  liow  to  enquire 
into  the  manner  in  which  these  similar  edgies  SknA 
angles  are  affected,  when  they  are  all  operated  upon 
at  the  same  time,  by  any  given  decrement. 

From  the  definition  already  given  in  page  3,  of  the 
nature  of  similar  edges  and  angles^  it  will  appear  that 
in  the  rectangular  prism^  those  edges  only  are  similar 


B^^te^BNTBv 


n 


the  taMaa  oi^  aitf(Ut«MMli^  of  diilfortt,  WM^  Will  M 
feutfdin  Wfiutee4^cfi^t  ]^km,  w^  ftliall 'obd^v4  4i  is 


«•  ■  I 


Fig.  104. 


Let  u»  now  suppose  ia  modification  belonging  to 
the  class  c  to  have  taken  place  on  a  riglU  rectangular 
prism^  and  let  us  suppose  the  secondary  crystal  pro- 
duced by  this  modification  represented  by  £g.  l(Mt. 
The  upper  part  of  this  figure  shews  the  manner  in 
which,  the  new  planes  ajre  conceived  to  be  produoed, 
by  the  continual  .abstraction  of  single  rows  o^  tnole* 
cules  on  bo^h  the  edges  a  b^  and  Cy  of  each  of  the 
superimposed  plates,  until  the  last  plate  ^onsist^  .of 
only  one  row,  forming  the  new  edge  of  the  secondary 
crystal. 

•Fig.  105. 


^H^4^rt pfhmiLiAm its  terminal  eiigts  similar ^ 
'i'M  'kill '  iU  ttrtfiimi  an^ks  also  similar y   and '  con  - 
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4«qiMiUJ7)Wbeil  o$e  of  those  edges,  or  KOf^  is  affih^ed 
fey  atty  decrem^t,  t^^y  will  geaexaiiy  aU.ho  ao..  ', 
-  i  Fig.  105  tCxhibitB  modificatioa  c,  of  the.  square 
pripiQ) ;  t^  u{^r  part  of  the  JGgHre  shewing  the  laap- 
ner  in  which  the  Becondary  plaaea  srfi  coBceived  to 
be  generated,  by  the  continual  abstraction  of  single 
rows  of  moleculee  Irom  taxh  edge  of  each  of  the  auc- 
cessively  superimposed  plates. 

Fig.  106. 


'  f'ig,  106  exhibits  the  effect  of  a  decrement  by  one 
row  of  molecules  on  the  angle  of  a  square  prism, 
.producing  a  secondary  forba  belonging  to  the  class  « 
of  the  modifications  of  that  figure.     See  tables. 

Fig.  107. 


Jhe  cube  has  its  three  adjacmt  edget  limiiart  .and 
conseqaentlj  they  arc  tflf  affected  eqaalfy  by  decre- 
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Bttntff  upon 'the  edge  of  tliKt  form,  eie^t  in  aome 
pftrticHlat  cftsea  which  will  be  refbred  to  in  a  fiiture 


Fig.  107  shcVB  the  eBibct  of  a  decrement  by  tme 
row  of  swleciileH  on  the  edges  of  a  cube ;  producing 
the  planes  of  the  rfaomlnc  -dodec^edron. 

Fig.  108. 


Fig.  108  shews  the  manner  in  which  an  inter- 
mediary  decrement,  taking  place  at  the  same  time 
upon  the  three  adjacent  angles  of  the  cube,  ia  con'' 
ccived  to  produce  six  planes  on  the  aolid  angle. 

The  causes  which  occasion  decrements  do  not  ap" 
pear  at  present  to  be  understood :  crystals  so  minnte 
as  to  be  seen  only  by  the  aid  of  a  microscope,  are 
found  Tariously  modified;  hence  the  circumstance, 
whatever  it  may  be,  which  occasions  the  modifica-: 
tion,  begins  to  operate  very  soon  after  the  crystal  hasi 
been  formed. 

Perhaps  it  may  influence  the  arrangement  of  the 
first  few  molecules  which  combine  to  produce  the 
crystal  in  its  nascent  state ;  and  as  we  find  that  crys- 
tals during  their  increase  in  magnitude,  sometimes 
undergo  a  change  of  form,  by  the  extinction  of  some 
nodifyiog  planes,  or  the  producticHi  of  others,  it  is 
evident  that  the  cause  which  oiScatjons  a  decrement, 
may  be  suspended,  or  may  be  fint  brought  into  ope- 
imtioo,  at  any  period  during  the  increase  of  a  crystal 
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For  the  purpose,  however,  of  affording  «  clearer 
illustration  of  the  theory  of  decrements,  it  has  been 
found  convenient  to  imagine  that  the  primary  form 
of  any  modified  cryeftal  had  attftiaed  such  a  magni' 
tude,  before  the  law  ef  decrement  had  begun  to  act 
upon  it,  as  to  require  fer  the  completion  of  themd^ 
dified  crystal,  the  addition  of  only  those  defective 
plates  of  molecules  by  which  tl^e  modifying  planes 
were  produced.  A  primary  form  of  this  magnitude, 
is  evidently  the  greatest  that  could  be  inscribed  in 
the  given  secondary  form.  And  a  primary  form  so 
related  to  the  secondary,  is  in  theory  termed  the  nu* 
cleus  of  the  secondary  form. 

This  nucleus  may  frequently  be  extractSd  from  the 
secdndary  crystals  by  cleavage. 

If  we  take  a  crystal  of  carbonate  of  lime  of  the 
variety  called  dog-tocyth  spar  (the  metastatique  of 
the  Abbe  Haliy^)  and  begin  to  eleave  it  at  its  sum^ 
mit,  we  shall  first  remove  those  molecules  which 
were  last  added  in  the  prodoGiien  of  the  crystal^  and 
by  continuing  to  detach  successive  pdHions,  tkus  pro* 
ceeding  in  an  order  the  inverse  of  that  by  which  the 
modified  crystal  has  been  formed,  we  may  remove 
the  whole  of  the  laminae,  which  enclose  ^r  cover  the 
theoretical  primary  nucleus* 

As  far  as  we  have  proceeded  with  the  theory  of 
deorentents,  we  have  supposed  the  diminished  plates 
of  molecules  to  be  laid  constantly  upon  the  primaty 
form,  in  order  to  produce  the  modifications  which 
are  found  to  exist  in  nature.  But  from  a  comparisoi^ 
of  the  angles  at  which  some  secdndary  planes  incline 
on  tl^  primary,  <|lnd  oil  each  other,  it  is  probable* 
that  the  decrements  sometimes  take  place  on  second- 
ary crystals.  Thus,  for  example,  we  may  conceive 
decrements  to  take  place  on  any  secondary  rhomboid 


of  carbonate  of  lime  by  t|ie  abstraclioH  of  secandarjf 
molecDleB  Bunilar  in  foroi  to  that  iecandary  rhomboid. 

These  secondary  moleeules  would  consist  of  certain 
numbers  of  primary  ones  arranged  in  the  same  order 
as  they  would  be  in  the  production  of  the  entire 
secondary  crystals,  and  they  would  in  &ct  be  minute 
secondary  crystals. 

There  is  an  interesting  paper  on  this  subject  by 
the  Abb6  Haiiy,  in  the  14th  yoL  of  the  Annales  du 
Museum,  p.  990,  where,  in  order  to  express  the  laws 
of  decrement  in- as  low  numbers  as  possible,  he  has 
in  several  instances  conceived  the  decrements  to  take 
place  on  secondary  forms. 

Another  circumstance  apparently  influenced,  by  a 
cause  in  some  degree  similar  to  that  which  produces 
decrensents,  is  the  colour  whidi  ooeasionally  covers 
9eme  of  the  modifying  planes  of  a  crystal  while  the 
other  planes  remain  un'coloured. 

A  specimen  of  carbonate  of  lime,  from  St.  Vincent's 
reeks  near  Bristol,  which  now  lies  before  me,  affords 
an  instance  of  this. 

Fig.  log- 


in this  specimen  the  planes  a,  6,  of  some  of  the 
crystals  and  those  planes  onlt/^  are  covered  with  par- 
ticles of,  I  believe,  oxide  of  iron,  upon  which  no 
molecules  of  carbonate  of  lime  appear  to  have  been 
subsequently  deposited;  but  a  thin  plate  of  that  sub- 
stance is  observed  on  some  crystals  as  at  c,  to  cover 
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part  of  the  coloured  plane,  having  apparently  begun 
to  form  at  the  edge  d,  and  to  have  proceeded  from 
that  edge  over  part  of  the  coloured  plane  a,  but 
scarcely  touching  the  colouring  matter.  ^ 

Mr.  Beudant  has  collected  together  many  facts 
relative  to  the  influence  which  particular  circum- 
stances are  supposed  to  exert  upon  the  formation  of 
crystals  in  the  laboratory ;  but  these  facts  are  insuf* 
fieientto  explain  the  causes  which  determine  the 
particular  crystalline  fohn  of  a  mineral^  or  to  account 
for  its  modifications.  His  memoirs,  however,  are 
interesting,  and  may  be  found  in  the  Annals  of  Phi- 
losophy, vol.  xi.  p.  863;  and  in  the  Royat  Institution 
Journal. 

Decrements  appear  to  be  sometimes  influenced,  as 
will  appear  in  the  next  section  on  the  symmetry  of 
crystals,  by  the  capacity  of  a  body  to  become  electric 
by  heat,  but  I  am  not  aware  that  any  exfdanation 
has  been  given  of  the  manner  in  which  this  influence 
is  exerted. 


Section  VI. 


SYMMETRY. 


Among  the  definitions  will  be  found  an  explana- 
tion of  what  is  meant  by  similar  edgesy  angles  -  and 
plants  of  a  crystal. 

It  has  been  discovered,  bj  the  observation  of  a 
great  number  of  secondary  forms  of.  crystals,  that 
when  a  modification  takes  place  on  any  one  edge  or 
angle  of  any  primary  form,  a  similar  modification 
generally  takes  place  on  all  the  similar  edges  or 
angles.  And  this  has  been  observed  to  occur  so  fre- 
quently, as  to  induce  the  conclusion  of  its  being  the 
efiect  of  a  general  law,  which  the  Ahh6  Hatiy  has 
called  the  law  of  Symmetry.  This  law  however  does 
not  act  universally  with  regard  to  all  such  similar 
edges  or  angles  as  are  included  under  the  definitions 
already  given.  The  tourmaline  will  present  an  in- 
stance of  deviation  from  this  law.  The  primary  form 
of  the  tourmaline  is  a  rhomboid,  and  the  three  edges 
terminating  in  a,  fig.  36,  are  similar  to  the  three  ter- 
minating in  b;  the  six  lateral  edges,  as  well  as  the 
six  lateral  solid  angles,  are  also  respectively  similar. 

Yet  it  is  found  that  the  three  edges  terminating  in 
cr,  are  sometimes  truncated,  while  those  terminating 
in  b,  are  not.  It  is  also  observed  that  sometimes  only 
the  alternate  three  of  the  lateral  solid  angles  are  mo- 
dified, the  three  others  remaining  entire;  but  the 
tourmaline  is  pyro-electric,  that  is,  capable  of  becom- 
ing electric  by  heat,  and  many  other  substances  which 
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are  endued  with  a  similar  property,  appear  equally 
subject  to  a  similar  interference  with  the  general  law 
of  symmetry. 

But  other  substances  which  are  not  pyro-electric, 
as,  for  example,  iron«pyrites,  afford  instances  of  de- 
Tiation  from  that  kind  of  symmetrical  modification 
by  which  the  cube  of  galena  is  affected.  Pyro<>elec- 
tricity  is  not  therefore  the  only  disturbing  cause  which 
influences  the  deviation  from  the  general  law  of  symr 
metry. 

With  all  the  known  exceptions  however  to  this 
law,  there  are  still  so  many  substances  influenced  by 
it,  that  the  character  it  confers  on  crystals  is  generally 
serviceable  for  determining  the  class  of  primary  fixrn^ 
to  which  any  secondary  crystal  belongs. 


Section  VIL 

PRIMARY  FORMS. 

The  derivative  or  parent  form,  from  which  the 

secondary  forms  of  any  crystallized  mineral  may  be 

conceived  to  be  derived  by  the  operation  of  certain 

laws  of  decrement,  has  been  denominated  the  primarj/ 

form  of  9uch  mineral. 

It  may  be  added  that  i\xefrimari/form  of  a  mineral 
skmld  not  be  inconsistent  mth  its  known  cleavages^  and 
it  should  genertUlf/  be  such  also  as  would  produce  ike 
secondary  forms  of  the  species  to  which  it  belongs  iy 
the  fewest  and  simplest  laws  of  decrement.* 

It  is  for  the  sake  of  rendering  our  notions  of  a 
primary  form  more  precise,  that  we  give  this  limiting, 
and  in  some  degree  arbitrary,  definition  of  the  term. 
Our  purpose  throughout  this  treatise  is,  to  find  the 
shortest  and  most  direct  road  from  the  secondary 
crystal  to  the  mineral  species  to  which  it  belongs. 

But  as  we  muit  travel  first  from  the  secondary  to 
the  primary  form,  it  is  essential  that  our  ideas  of  that 
figure  which  we  agree  to  call  the  primary  form,  should 
be  as  precise  as  possible. 

The  primary  forms  of  crystals  may  sometimes  be 
developed  by  cleavage. 

*  The  term  jirMBify,  so  defined,  is  fAefely  relative,  being  ttsed  in  eon* 
tradtstinction  to  set^Mdary.  It  appears  therefore  preferable  to  the  terra 
firimUlve,  which  has  been  generally  used  to  designate  this  original  or 
parent  form,  and  which  seems  to  imply  something  more  intrinsic,  and 
abiolute,  than  is  required  by  the  science  into  which  it  is  introduced. 
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Thus  a  hexagonal  prism  of  carbonate  of  limey  which 
is  one  of  the  secondary  forms  of  thai  mineral^  nmj 
be  cleaved  in  a  direction  parallel  to  the  planes  of  a 
rhomboidy  which  is  its  primary  form. 

Fig.  110. 


When  the  prism  results  from  a  decrement  pn  the 
inferipr  angle  of  the  rhomboid,  as  shewn  in  the  table 
of  modifications  of  the  rhomboid  class  e,  this  cleavage 
will  take  place  parallel  to  the  three  alternate  terminal 
edges  of  the  prism,  as  shewn  in  fig.  110. 


Fig.  111. 


s 

9 i. 

• 

i 

But  when  the  prism  results  from  a  modification 
on  the  inferior  edges  of  the  rhomboid,  corresponding 
with  modification  class  if,  the  cleavage  will  take  place 
on  the  alternate  solid  angles  of  the  prism  as  in  fig.  1 1 1 . 

A  similar  pril^m  of  phosphate  of  lime,  which  is  the 
primary  form  of  that  substance,  cannot  be  cleaved  in 
anj.  other  direction  than  parallel  to  its  own  pkaes. 

Bnt  cleavage  alone  cannot  be  relied  on  for  deter- 
mining the  primary  form  of  a  mineral.    For  if,  as  it 
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freqiidiUly  happens,  two  pr  mom  foUdB  can  be  ex-* 
traeted  from  a  crysiaUiMd  m^ral  by  olaavage,  ive 
liuKt  refer  to. iU  ^ncdndsLvy  Ibrms,  in  order  to  deter* 
mine  which  of  those  solids  ought  to  be' adopted  as  its 
primary  form.  And  if  the  secondary  forms  can  be 
derhred  from  one  of  such  solids  by  the  operation  of 
single  decrements,  while  it  would  require  twp  or  more 
decrements  to  operate  simultaneously  qn  the  other, 
in  order  to  produce  the  same  secondary  forms,  that 
solid  will  be  adopted  as  ike  primary,  from  which  the 
secondary  forms  belonging  to  the  species  might  be 
derived  by  the  single  decrement. 

A  case  however  may  occur  in, which  two  difierenjt 
solids  may  be  produced  by  cleavage,  from  either  of 
which,  the  secondary  forms  of  the  particular,  species 
of  mineral  in  which  it  Occurs,  may  be  derived  by  laws 
of  decrement  equally  simple.  Whenever  this  hap- 
pens we  shall  be  at  liberty  to  adopt  either  as  the 
primary,  and  we  should  probably  adopt  that  which 
predominates  most  among  the  secondary  forms. 

In  the  section  on  cleavage  we  have  seen  that  the 
same  set  of  cleavages  will  produce  either  a  regular 
tetrahedroHy  or  a  regular  octahedron^  or  a  particular 
rhomboid,  one  only  of  which  is  to  be  regarded  as  the 
primary  form  of  the  species  in  which  such  cleavages 
occur. 

In  this  case  the  secon^^ry  forms  of  the  mineral  we 
are  supposed  to  be  examining,  can  alone  enable  us 
to  determine  which  to  adopt. 

The  secondary  forms  of  a  rhomboid  differ  so  much 
from  those  of  the  octahedron  and  tetrahedron,  as  to 
admit  no  doubt  in  the  instance  of  fluor,  that  the  pri- 
mary form  of  this  substance  is  not  a  rhomboid. 

According  to  the  law  of  syn\metry,  the  modifications 
of  a  regular  octahedron 'should  equaUt/  ^Sect  all  its 
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ed^es  otitHgtes^  Und  tetkdtqtudfy  to  the  extiMtioa  of 
nil  kd  planes,  white  tlie  modifieatknis  of  the  fJetni^ 
Itddron,  rfegttlat^d  tiy  the  same  law,  would  aleet  oaly 
some  6/  the  edges  or  ^figks  of  n  crystal  conkdmng  \M 
'ihe  octahedral  planes*, 

l\  may  be  observed  by  examining  the  crystafe  of 
spinelle  lind  red  oxide  of  copper,  that  the  solid  angles 
are  sometimes  repkiecfd  by  four  planes  resting  on  the 
primary  planes. 

This  change  of  figure  results  flrom  a  single  modifietH 
lion  of  the  octahedron  belonging  to  class  b^  See  tableo. 

But  in  order  to  produce  four  similar  planes,  on  each 
of  the  solid  angles  of  the  octahedrany  regarded  as  a 
secondary  form  of  the  tetrahedron^  two  modifications  of 
the  tetrahedron  must  concur.  We  must  suppose  each 
of  the  solid  angles  of  the  tetrahedron  to  be  replaced  by 
three  planes  resting  on  its  edges ^  at  the  same  time  that 
its  edges  are  bevHled, 

The  octahedron  will  therefore,  tinder  the  definition 
I  have  given  of  af  primary  form,  be  adopted  as  the 
primary  form  of  spinelle  and  red  oxide  of  copper,  and 
of  such  other  minerals  as  present  secondary  forms  of 
a  similar  character. 

I  shall  cite  only  one  other  instance  of  the  ihsuffi- 
ciency  of  cleavage  alone  to  determine  the  primary 
'form  of  a  mineral,  although  many  more  might  be 
adduced. 

Fig.  112. 


The  petalite  has  two  sets  of  cleavages,  one  in  the 
direction  of  a  ft,  c  d,  fig.  llg,  ait  right  angles  to  each 


other,  and  another  ef^  g  k,  such  that  the  angle  eogy 
measures  about  100*  an4  tl|e^l^Ie  g  of,  about  80*. 

Now  these  cleavages  are  respectively  parallel  to 
the  sides  of  either  a  rectangular,  or  a  rhombic  prism, 
and  either  of  these  may  therefore  be  the  primary  form 
of  petalite.  But  there  is  no  cleavage  which  indicates 
with  certainty  whether  the  prism,  whichever  of  the 
two  we  may  adopt,  be  right  or  obliqu^. 

We  cannot  therefore  determine  the  primary  form 
of  petalite,  without  a  refenence  to  crystals  possessing 
their  natural  terminal  planes,  or,  such  modifications 
of  diose  planes  as  will  dbew  whether  the  primary 
crystal  be  right  or  oUique* 

If  we  discover  from  the  crystal  of  petalite  that  the 
prignary  form  is  a  right  prism,  we  should  still  be  at 
liberty  to  take  either  the  right  teetangular  or  rig^ 
fhamMc  prism. 

But  as  the  angles  at  which  the  planes  of  therfaom* 
}m  prism  indine  to  each  other,  aito  those  by  which 
the  particular  species  of  mineral  would  in  this  case 
be.  distinguished,  we  should  at  once  adopt  the  rAom* 
Iw:  pri$m  as  the  primary  form. 

It  has  been  observed  in  the  section  on  cleavage, 
that  the  character  of  the  planes  developed  by  cleavage 
sometimes  afforded  indications  of  the  primary  form. 

The  stricR  on  the  natural  surfaces  of  the  secondary 
planes  of  crystals  have  been  also  considered  to  afford 
indications  of  primary  form.  As  those  which  are 
parallel  to  the  shorter  diagonal  of  the  dodecahedral 
planes  of  the  aplome,  have  been  regarded  as  indica^ 
tions  of  the, primary  form  being  a^^ube,  as  it  appears 
to  be  from  its  cleavage. 
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Fig.  113. 


But  this  circumstance  cannot  be  relied  upon  in  bU 
instanceB  for  determining  the  primary  form  of  a  roi- 
iwral.  For  the  cubic  plaoes  of  iron  pyrites,  which 
are  found  'by  cleavage  to  be  the  primary  planes,  are 
striated  in  such  directions,  as  might  lead  us  to  sup- 
pose them  secondary  planes,  and  its  primary  form  to 
be  a  pentagonal  dodecahedron.  And  the  cubic  crys- 
uds  of  blende  are  frequently  striated  parallel  to  the 
aUemale  diagotiait,  as  shewn  in  fig.  IIS,  which  would 
indicate  a  tetraheiral. ^r'lm&ry  form.  But  the  cleavage 
is  parallel,  as  we  hare  seen,  to  oU  the  diagotud  piaues 
of  the  cube,  producing  a  rhombic  dodecabedrem,  and 
not  parallel  to  the  planes  a  b  i,  as  it  should  be  if  tin 
tetrahedron  were  the  primary  form  and  consequently 
^ere  to  be  produced  by  cleavage. 

Fig.  114. 


To  illustrate  the  relation  of  these  stris  to  the  sup? 
posed  tetrahedron,  we  shall  derive  that  figure  from  a 
cube  by  cleavage,  and  to  do  this  we  may  again  have 
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recourse  to  a  cube  of  fluor.  Let  fig.  1 14  represent 
this  cube.  If  we  apply  a  knife  to  the  diagonal  a  b, 
and  detach  successively  the  two  solid  angles  ab  c^ 
ahdy  and  then  place  the  crystal  with  the  edge  a  by 
downwards,  and  remove  the  solid  angles  c  da^  c  d  b, 
the  figure  we  shall  obtain  will  be  the  regular  tetra- 
hedron. 

Each  of  the  clmss^s  of  primary  fotvus  cotUained  in 
page  6  ^o  11,  except  the  cube,  the  regular  tetrahedron, 
octahedron,  and  rhombic  dodecahedron,  comprehends 
many  indmdncd  forms  belonging  to  m  many  species  of 
minerals/  which  indMdual  forms  differ  from  each  other 
iM  seme  of  their  angles,  or  til  fhe  reia^ve  lengths  of 
some  of  their  adjacent  edges. 


Section  YJII. 
SECONDARY  FORMS. 

The  secondary  forms  of  crystals  are  either  tin^fh 
or  tompound.  The  simple  consist  of  modifications 
of  the  primary  formsiy  pRodiiced  by  singk  decrement. 
The  compound  consist  of  several  mod^ations  occur* 
ing  together  on  one  crj/stal^  produced  by  as  many 
decrements  operating  simultaneously  upon  it.  The 
cube  with  the  solid  angles  truncated  or  replaced  by 
three  or  six  planes,  is  an  instance  of  a  simple  second- 
ary form  produced  by  a  single  modification ;  but  if 
the  edges  be  also  truncated,  or  bevilled,  or  the  solid 
angle  be  both  truncated  and  replaced  by  three  or  six 
planes,  it  will  afford  an  example  of  a  compound 
secondary  form. 

The  secondary  planes  frequently  obliterate  entirely 
the  primary  ones,  and  produce  a  new  form  apparently 
belonging  to  another  class  of  primary  forms,  as  in 
the  instance  of  the  rhomboid  being  converted  into  a 
six-sided  prism  by  the  truncation  of  all  its  solid 
angles,  or  of  its  terminal  solid  angles  and  its  lateral 
edges. 

Particular  secondary  forms  sometimes  predominate 
in  particular  species  of  minerals,  as  the  cube  in  fluate 
of  lime,  whpse  primary  form  is  an  octahedron.  Par- 
ticular modifications  of  primary  forms  are  also  found 
to  affect  particular  districts  of  country. 
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Thus  the  dodecahedral  variety  of  carbonate  of 
lime,  commonly  called  dog-tooth  gpar,  occurs  the 
most  frequently  in  Derbyshire. 

In  Cumberland,  the  most  common  variety  is  a  six- 
sided  prism  terminated  by .  the  planes  of  an  obtuse 
secondary  rhomboid. 

In  the  Hlutz,  the  entire  six-side^l  prism  occurs 

more  frequently  than  in  other  places. 

Particular  secondary  forms  are  found  to  occur  con- 
stantly among  some  species  of  minerals,  and  rarely 

among  other  species  belonging  to  the  same  class  of 

primary  forms. 

Thus  the  regular  hexagonal  pyramids,  which  occur 
constantly  among  the  secondary  forms  of  quartz, 
raiely  occur  in  carbonate  of  lime. 

The  causes  of  these  peculiar  habitudes  of  minerals 
have  not  I  believe  been  investigated,  nor  do  I  appre- 
hend that  the  investigation  would  lead  to  any  satis- 
factory res|iU.  They  appear  to  belong  to  that  class 
of  facts,  which  our  limited  knowledge  of  the  opera- 
tions of  nature  does  not  enable  us  at  pres;ont  to  com- 
(Mrejiend. 


HEMITRdPE  AND  INTERSECTED 

CRYSTALS. 

BfistbEs  the  secondary  forms  referred  to  in  the 
preceding;  section,  there  is  another  class  of  crystals 
which  were  denominated  macles  by  Rom6  de  Tlsle, 
but  which  the  Abb6  Haiiy  has  called  hemitrope  crys' 
talsy  having  assigned  the  term  macle  to  a  species  of 
mineral  more  generally  known  by  the  name  of  chi- 
astolite. 

The  term  hemitrope  has  been  derived-  from  the 
resemblance  of  this  class  of  forms  to  crystals  which 
might  be  conceived  to  have  been  slit  in  a  particular 
direction,  and  then  to  h^ve  bad  one  half  partlj 
turne^d  roiind  on  an  imaginary  axis,  passing  through 
the  centre  of,  and  perpendicular  to,  the  pianos  of 
section. 

This  kind  of  structure  may  be  readily  understood 
from  one  or  two  examples* 

Fig.  115. 


If  we  conceive  an  octahedron  abcdef^  fig.  115. 
to  be  cut  through  in  the  direction  g  A, 
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Fig<  116. 
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and  if  we  suppose  the  half  b  d  f,  partly  ti]^*ii^ed 
round  as  in  fig.  116,  until  b  is  opposite  t»  c,  and  d 
opposite  to  e,  a  hemi trope  crystal  would  be  produced, 
resembling  one  of  the  varieties  of  the  common  spi-* 
nelle. 

.         .  Fig.  117. 


Again,  if  we  suppose  a  right  prism,  whose  base  is 
an  oblique  angled  parallelogram,  fig.  117,  to  be  cut 
through  its  centre  and  parallel  to  its  lateral  planes ; 

Fig.  118. 


and  if  we  then  conceive  the  portion  marked  a  cj 
turned  round  until  the  edges  b  and  c,  again  become 
parallel  as  in  fig.  118,  we  shall  have  a  form  of  hi&ikii- 
trope  crystal  not  of  unfrequent  occurrence  in  sulphate 
of  lime. 


These  examples  are  sufficient  to  illustrate  the  man* 
ner  in  which  hemitrope  crystals  may  be  conceived  to 
be  produced.    But  we  cannot  for  a  moment  imagine 
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that  they  are  so  produced.  The  arrangement  of  the 
molecules  in  so  apparieiitly  capricious  a  manner,  is 
doubtless  the  consequence  of  some  law  operating  on 
the  structure  of  the  crystal  from  the  commencement 
of  its  formation,  and  analogous  to  those  laws  by 
which  other  secondary  forms  are  produced. 

Hemitrope  crystals  consist  of  portions  of  either 
unmodified  primary  forms,  or  of  secondary  forms ; 
and  the  plane  of  the  imaginary  section  is  found  to  be 
parallel  either  to  the  primary  planes,  or  to  some 
secondary  plane  which  would  result  from  some  regu- 
lar decrement. 

Oxide  of  tin,  as  shewn  in  Mr.  Phillips's  paper  on 
that  substance  in  the  Snd  vol.  of  the  Geological 
Transactions,  exhibits  a  considerable  variety  of  this 
species  of  secondary  form.  It  is  very  common  also 
in  felspar,  in  rutile,  and  sphene,  and  it  occurq  in 
many  other  substances. 

One  character  by  which  hemitrope  crystals  may 
generally  be  known,  is  the  re-entering  angle  produced 
by  the  meeting  of  some  of  their  planes.  This  is  very 
obvious  in  the  figures  114  and  116.  But  even  where 
this  re-entering  angle  does  not  appear,  there  is  gene- 
rally some  line,  or  some  other  character,  which  in- 
dicates the  nature  of  the  crystal. 

Ci78)t^9.are  fr^uently  foui^d  intersecting  each  other 
VFith  greater  >(^ularity  than  can  be  ascribed  to  acci- 
dent, and  forming  a  class  very  analagous  to,  hqn^i; 
tropes,  and  probably  governed  in  their  structure  by 
th^.same  gfsiien^.laws  to  which  thpse  ff>rni8.awq  t^ir 
eyif4fi|CQ, 
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Fi^.  119. 
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The  staurotidc  affords  a  good  example  of  this 

variety  of  form. 
The  primary  form  of  the  staurotide  is  a  right 

rhombic  prism,  fig.  119. 

Fig.  120. 


Two  of  these  prisms  frequently  cross  each  other  at 
right  angles  as  in  fig.  ISO. 

Fig.  121. 


And  sometimes  at  an  oblique  angle  as  in  fig.  121. 

In  other  minerals  it  is  sometimes  observed  that 
three,  four,  or  more  crystals,  intersect  each  other  in 
ibis  manner^  and  produce  figures  apparently  remote 
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in  character  from  the  primary  forms  to  which  they 
belong,  and  from  which, they,  could  not  be  deduced 
by  any  ordinary  law  of  decrement.  This  class  of 
combined  or  intersecting  crystals  generally  occurs  in 
arragonite  :  such  forms  also  frequently  occur  in  car- 
bonate of  lead,  in  sulphuret  of  copper,  and  in  other 
species  of  minerals. 


h     \ 
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'  Section  X. 

EPIGENE  AND  P&EUDOMORPHOUS 

CRYSTALS.  . 

In  addition  to  the  variety  of  crystals  already  des- 
cribed, there  are  others  whose  forms  are  not  natural 
to  the  substances  in  which  they  occur. 

To  one  class  of  these  the  Abbe  Haiiy  has  applied 
the  name  of  Epigene,  where  a  chemical  alteration  has 
taken  place  in  the  substance  of  the  crystal  subsequently/ 
to  its  formation. 

Thus  crystals  of  blue  carbonate,  and  of  red  oxide 
of  copper,  are  frequently  ^ound  converted  into  green 
carbonate.  Sulphuret,  and  carbonate,  of  iron,  are 
changed  into  oxides,  without  losing  thejr  peculiar 
crystalline  forms ;  and  the  same  alteration  takes  place 
in  other  substances. 

Another  class  of  crystals,  not  belonging  to  the 
substances  in  which  they  occur,  have  been  denomi- 
nated Pseudomorphous.  These  have  been  formed 
either  within  cavities  from  which  crystals  of  some  other 
substance  have  been  previously  removed  by  some  natu* 
ral  cause^  probably  by  solution^  or  upon  crystals  of 
some  other  substance  which  have  subsequently  dis' 
ttppeared;  the  space  they  occupied  either  remaining 
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a  void,  or  having  been  afterwards  filled  with  some 
other  matter. 

Both  these  classes  of  crystals,  particularly  the  first, 
may  present  some  little  difficulty  to  the  young  mine* 
ralogist,  but  this  will  be  overcome  by  an  improved 
acquaintance  with  the  minerals  in  which  they  occur. 


SXCTION  XL 

ON  THE  TABLES  OP  MODIF  J  CATIONS. 

Ths  inreoediiig  sections  have  explained  the  theorj 
•f  crystals  in  reference  to 

The  forms  of  their  molecules. 

The  manner  in  which  those  molecules  are  ng^ve" 

gated  in  the  production  of  cry stals,  and  to 
The  nature  of  decrements,   or  the  manner  in 

which  the  secondary  forms  of  crystals  may 

be  conceived  to  be  produced* 

The  most  impcnrtant  practical  purpose  of  tUs  theory 
is^to  enable  the  mineralogist  to  determine  the  species 
lo  which  any  crystallised  muieral  belongs,  from  an 
ej^mJAalion  of  any  of  its  crystalline  forms. 

Miotrdki  which  differ  in  spe^itUy  may  belong  either 
to  different  classei^  or  to  the  same  clussj  of  the  pri* 
nary  forma.  If  sexierod  species  belong  to  the  same 
classy  they  will  be  foufid,  with  the  exception  of  such 
as  cryftalliste  in  eabe^  regnlai^  tetrahedrons,,  regular 
octahedrons,  and  rhombic  dodecahedrons,  to  differ 
frcm  each  othety  sometimes  in  the  angles  at  which  their 
primary  planes  incline  to.  each  other  j  and  sometimes  in 
the  comparattse  lengths  c^some  of  their  primary  edges. 

Thus  the  general  class  of  square  prisms  may  coRr 
•ist  of  any  miiviber  c^  partiisular  prisms,  bdonging  to 
aus  many  different  species  of  minerals ;  and  the«e  indi- 
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▼idual  or  particular  prisms  may  be  conceived  to  diflfer 
from  each  other  in  the  relation  of  their  respectire 
heights  to  the  length  of  the  edge  of  their  square  base. 
The  class  of  rectangular  prisms  may  be  supposed  to 
contain  many  particular  prisms,  which  vary  from  each 
other  in  the  relative  dimensions  of  their  planes. 

The  individuals  of  the' dass  of  rhombic  prisms  may 
vary  from  each  other  in  their  relative  heights,  and  in 
the  angle  at  which  the  lateral  planes  incline;  to  *^each 
other.  Those  of  the  class  of  rhomboids  will  differ  in 
the  angles  at  which  their  planes  incline  respectively 
to-  each  otln^;  constituting  a  series  of  pilitiicsular 
rhomboids,  of  which  the  roost  acute,  and  the  moBt 
obtuse,  will  be  the  two  extremes ;  and  similar  dif- 
ferences  may  be  imagined  to  exist  among  the^^indi^ 
viduals  belonging  to  such  of  the  other  classes  of  pri- 
mary forms  as  admit  of  analagous  variations. 

But  crystals  rarely  present  themselves  under  their 
respective  primary  forms ;  they  are  usually  modified 
by  new  planes,  producing  secondary  crystals,  from 
which  the  primary  forms  are  to  be  inferred. 
'  And  although,  as  we  have  already  seen,  we  may, 
to  a  certain  extent,  be  guided  by  cleavage  in  our 
attempts  to  discover  the  primary  forms  of  minerals) 
those  forms  cannot  in  general  be  determined"withoat 
a  reference  to  the  secondary  crystals. 

Hence  the  relations  between  the  various  secorHktri/ 
forms  of  crystals^  and  their  respective  primaxy  J^rmsy 
constitute  a  highly  important  feature  in  the  ^eienct  '^f 
which  we  are  treating. 

The  secondary  forms  of  crystals  have  beeYi  ex* 
plained  to  consist  of  modifications  of  the.  primary, 
occasioned  by  decrements  on  some  of  tboir  edges  or 
angles. 

The  character  of  the  modifying  planes,  and  4heir 
geometrical  relations  to  the  primary  form,  as  con- 
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aeded  with41ie  theory  oC  decrements,  nviil  be  ex« 
pkkied  in  the  Appendix,  together  with  a  system  of 
notation  connected  with  the  same  theory,  and  capable 
of  expressing  the  figure  of  any  secmidary  form  by 
means  of  certain  symbols* 

But  there  are  many  who.  form  collections  of  mi* 
aerals  as  an  amusement,  who  are  not  in  the  habit 
of  mathematical  investigations,  and  who  cannot  avail 
themselves  of  the  theory  of  decrements,  for  the  pur* 
pose  of  tracing  the  relations  between  the  secondary 
and  primary  forms  of  crystals ;  and  I  am  not  aware 
of  the  existence  of  any  published  work  unconnected 
with  that  theory,  which  attempts  to  point  out  these 
relations  so  as  to  enable  the  mineralogist  to  trace 
in  a  secondary  crystal  the  characters  of  the  primary 
to  which  it  belongs.* 

I  have  attempted  to  supply  this  desideratum  by  the 
following  tables  of  modifications  of  tl^  primary  forms, 
and  by  the  explanations  which  follow  them.  And 
although  these  may  not  furnish  the  young  enquirer 
with  all  the  assistance  he  desires,  but  may  leave  him 
still  to  encounter  some  diflScuUy  in  his  pursuit,*  he 
will  certainly  derive  advantages  firom  the  ojq>ortunity 
the  tables  will  afibrd  him,  of  ccanparing  all  the  classes 
of  simple  secondary  forms,  belonging  to  the  several 

*  A  sysfienutic  method  of  daerihing  crystals  was  taught  by  Weraer ; 
but  that  method  has  been  found  incwvenient  even  for  the  purpose  of 
dturi/uimj  and  il  supfdiet  no  rules  for  deducing  the  primary  form  of  a 
ctyital  firom  any  of  iti  fccondary  fimlu.  The  aysten  of  Moha  haa  not 
yet  been  aofficicatly  developed  to  the  English  reader,  to  enable  him  to 
jttdge  fairly  of  its  merits;  but  from  what  has  been  published  here,  it 
appears  that  the  purpose  I  have  attempted  to  effect,  may  also  be 
cftcted  by  his  system,  although  by  a  less  direct  eourte. 

The  coDsideratioii  of  infinite  lines  which  he  has  introduced  into  hit 
system,  and  his  notation  founded  on  this  character,  are  parts  of  his 
^theory  which  will  probably  render  its  public  reception  less  general  than 
it  might  have  been  trom  its  merits  in  other  respects. 

N 


etass^  of  primhi^  M^^  iHth  ¥Msli  Mfcei»,  olliid  #fA 
llieir  respedWe  pridmryfermi^  as  he  ^fll  thte  olMiilh 
A  general  view  oftlie  ^ntilr^seidto  bt  riniple  MMftdUrf 
fbrvA^  bAoA^ing  fo  all  the  lyMMrH  Massed  of  the  pA^ 
mary. 

I^  tfa^e  tables',  ntfi  inei^^We  i^eriyed  'maSi^uhiiMs 
ifcrystethy  buidH  fihe  fHimierous  moSifkf(Uhns''6fvMlsh 
^dtk  dldss  tf  printttr^  fMn  £r  sust^ptibley  Tthile  ift" 
J^lenced  by  ttc  ?Aw  ^  sf/minfUry,  ttefiSuced-iflio 
ifkiS9€^y  nndmr^ged  in  an  ijifdeth/'s&ries  $  antH  ftavi^ 
M8M  8^ihe  ef  the  observed  hi^tafites  of  "dt^pHttoM 
ifom  this  law,  fh  the  piMaetioh  of  peciJiKar  aiift 
itndiihatotis  seconflai^  forittd. 

^  From  a  general  view  of  the  tableli,1t  Hvittfi^  ^een 
Ihat  the  first  dasses  of  modifications  are  tho^  On^the 
solid  angles  of  the  primary  form';  these  heinjg  siiDe^ 
Ifeeed^liy  the  modificattons  upon  the  edges^  begimttng 
in  all  ca^ffifs  with  the  simplest  t^hange  of  form. 

It  has  heen  already  stated,  ^faat  eaeh  of  the  classes 
of  primary  Jbrfn^y  may  comprise  many  htdididtaa^fofrfn^ 
belonging  to  as  many  different  species  trfyrdAerals'; 
Hrhich  individaal  forms,  with  the  exception  of  such 
te  belong  to  the  cube,  Ae  regiflar  tetrahedron  anS 
*OctahedHm,  And  rhoirfbfc'dodecahedrqn,  iirtH  be%nnd 
%>  dillferfroih  each  other  in  the  measttrenrent  ^  sbm^ 
of  their  angle?,  or  in  the  ratios  of  some  of  their 
edges. 

Eaeh  of  the  classes  ofmoeUficaiionSf  exoepliog  those 
which  prodaeeidif^^s^  fimts^vtiiyifhieh  eetose^ut^fy 
"adftiit  of  n6  vii'iation,  mi^y  also  corhpHse  d'Wjtis  of 
individualmodiftcations;  which  individual  modificatJQn^ 
will  be  found  to  iiStr  from  eaeh  otbei^  in  '(be  angles 
•at  Irhkh  ^thfe  mtAWjing  ptatnes4fleKne"on  tSieadjaeent 
primary  planes. 

Thusllie  series  of  modifying  planes  which;  would 
be  comprehended  under  class*  6,  in  the  table  of  modi- 


Sqrtiip^  o£  tl|e  cube,  mi^  be  opQceived  to  be  poifK 
MJM,  Vitbw  two  iwtuf ^1  Jimits  J  the  ooe  being  tl^f^ 
V^mf^tVhg^  Qt  ik^  P^fk^  Ai||4  tbe  otber  the  pUae  a^^ 
For  it  iftrolHrio^B  tf^t  ^  m^uaXi^  of  A  on  Frinfix 
fj^prof^h  np^rij  to  18Q%  ,bi|i;  it.  ^n  WT^r  »eacb  (^lt 
Ijfifit^,  A^  it  ip^j. paifa ffc^qp  supli  an  obtpise  angle^ 
tiMmifg^  ?^  alqui^t  UAlii|H(e4  ^r^s  of  plMegindiBiiw 
l«ss  av4,  If ^  09  P,  w^il  ^t  length  th©  ij)fam^tUH^ 
wovl^fae  n^^ly  thf^ fiftq^ iiBl^t  pf  4^Qn  P-;  ImiI  H  i§ 
^ppffrept  tJifit  it  ca^L  inevr^  i^fta^  tb|s  limit,  tb^m 
h^  o^lg  ^he  0»^  pJwo  ^%  which  fan  inclupi^  |e  thi| 
Vm^rj  planes  at  that  aii|^ 

The  series  of  planes  belonging  to  class  c  of  U|f» 
^irt)^.i||ff  liaqte4,  withjn.th^- planes  a  aB4  «•  Tbe 
«;iy^  ,4  wbicb  t|w>  p)w^  iparl^  c  i<icl|ne  to  e^^)» 
dil^r^  ^^y  be  coqceiified  t9  ipprff«ise»  \mt^  it  f^pi 
V^^  veyji  near  to  l||p*}  tl^e  t^f  pten^  ifcm^A 
tWi  .Y»rjf  9^ff)y  bf  cqme  qq^,  ^i^j  sirn^^  tp  ^  bnt 

tfcpy  «w  P^*^  wap^^  that  Umiti-   4nd  tbejf  may  ^b» 

bf)  cfipceiyed  to  in-line  piojr^  m^^  W>v^  upon  t^e  edge^ 
vi|tiL  9^  length  thej  wpnld  vpry  nearly  coincide  wjt^ 
the  plane  e^  but  they  could  p^v^  e^ a^t)y  coinj^ido 
wi^  thi^  plane. 

Jkj^  m^^  be  ri9adily  eqmprehended  if  we  ref^sr  tq 
)he  t^bji^s,  and  n^ni^lf  that  ea^h  of  the  series  of  iie^ 
^olid^  W^ch  w^Quld  i^ult  froi^  th^  series  of  planfi^ 
Ibelongi^  to  cl^ss  c,  would  be  contained  within  9^ 
gla^e^f  whfle  only  o^e  single  solid  coptained  i^itft^a 
%  plants  iQOfild  be  producf  d .  frpfn  aHss  ia^  ai|d  pq)j)f 
Qlie  otifer.  by  flas^.6,  cp^t^fied  wil^hip  19  planes,} 
mk^^^f  q{  wb¥^!^  (^ec^lje  f^f)i^l4  fall  within  tb^  ^^i^ 
Tmit^K  f^9^^  «1^8s  ^, 

The  i^m^  of  indii^dw^  modicficatioi^  bf^longin^ 

*ft  ^?8^>4  of  tli^.  c^be,  may;\)fl  pftn^eiv^  to  lie  withit) 
several  limits,  according  to  the  direction  in  which  tb|SH 
SlWfiP  #  pysjlliw  9f  tjw  flpN^jflig  p^m$  ;«ay  be 


100"         OK  THE  TABLES  Of  HfODIFtCATIOltg: 

supposed  to  take  place.  Hie  angle  at  wlHch  the  tw«» 
planes  dy  resting  on  P'^tneet,  mkj  be  supposed  to 
increase  until  those  planes  woftld  nearly  appn>ach  to 
one  plane,  corresponding  wifli  class  b^  or' the  angle 
at  If  hich  the  two  planes  d,  which'  meet  at  the  edge  6f 
the  cube,  incline  to  each  other,  may  approach  nearly 
to  180%  when  those  two  planes  would  nearly  become 
one  analogous  to  class  c.  Or  if  the  two  planes  d^ 
which  meet  at  the  edge  V>f  the  cube,  be  conceived  to 
incline  more  and  more  on  that  edge,  they  will  at 
length  approach  nearly  to  the  potttion  of  the  pianes 
of  class  fj  but  they  can  never  coinipide  with  thosd 
planes. 

These  remarks  on  the  nature  of  the  dilbreiices 
which  may  be  conceived  to  exist  among  the  individtial 
fnodifieations  belonging  to  some  of  the  classes  con*^ 
tained  in  the  following  tables,  might  be  easily  ex* 
tended  to  alK  But  it  will  not  be  difficult  for  the 
reader  to  apply  them  himself  to  all  the  other  variable 
classes  contained  in  the  tables.  The  nature  of  the 
variation,  however,  in  many  of  the  classes,  will  be 
pointed  out  in  the  tables. 

When  the  sets  of  new  planes,  resulting  fh)m  the 
individual  modifications  belonging  to  any  one  of  the 
classes,  are  so  much  extended  as  entirely  to  eflace 
the  primary  planes,  a  series  of  entirely  new  solids 
will  result.  The  planes  of  these  new  solidd  will 
generally  possess  one  common  character  throughout 
the  series;  that  is,  their  planes  will  generally  be  alL 
triangular,  or  all  quadrilateral,  or  all  pentagonal,  or 
be  of  some  other  polygonal  form ;  but  the  planes  be*: 
longing  to  each  individual  of  the  series,  will  differ 
from  those  belonging  to  every  other  individual,  in 
their  angles,  or  the  relative  lengths  of  some  of  their 
edges.  '  ^ 

But  alth^gb  it  is  generuify  trtie  that  the  planes*  of 
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A^  entire  series  of  seco&darry  forms,  resulting  from 
anj  given  class  of  modifications,  are  similar  through^ 
oQttheseries,  ft  is  not  invariably  so.  Among  Ike  series 
of  secondary  finrms  resuittng  from  particular  classeflr 
^modifications  of  the  rhomboid,  there  are  some  con-' 
tftiaed  within  scalene  triangular  planes,  and  others^ 
bdionging  to  the  same  class,  contained  within  iios- 
oeles'triangular  planes.  These  cBfierenees  will-gene^ 
rally  be  pointed  out  in  the  tables. 
* .  'Fh^  series  of  new  solids^  or  complete  simple  second* 
try 'forms,  resulting  from  each  of  the  classes  of  modii^, 
fications,  will  be  described  in  the  tables  under  the 
appellation  of  new  figures. 

it  is  to' be  observed  that  very  few  of  the  individual 
modifications  belonging  to  the  several  classes,  have 
yet  been  found  to  exist  among  crystals.  And  it  is 
doabtfol  whether  all  the  classes  even 'have  been 
hiAerto  noticed.  -  * 

Thp  figures  of  the  primary  and  secondary  formS} 
given  Jn  ,the  following  tables,  are  not  to  be  regarded 
as. representations  of  crystalling  forms  of  anj  par- 
ticular, miperals,  but  a^  exhibiting  a  type,  or  geoeraJl 
cJliar^Gter^  of  e^h  of  the  classes  of  primary  forms,  and 
of  tlie  modificfitions  belonging  to  each  of  those  classes* 

A  position  is  chosen  for  the  .figure  of  each  of  the 
primary  forms,  which  is  supposed  to  be  constant 
throughout  the  series  of  modifications  belonging  to 
each.  The  position  of  the  greater  number  will  be 
readily  comprehended  from  the  figures  themselves, 
but  there  are  a  few  ,which  require  a  short  explanation. 

The  figure  of  the  right  rectangular  prism  has  its 
greater  edge  horizontal^  and  its  largest  plane  is  sup- 
posed to  be  a  terminal  one.* 

to  the  upper  or  lower  edges  of  the  p^g^. 


|(M|  q»  yf^R  XABi^§9i  OJIfJ^i^lFfi^KT^i^m^f, 


l^e  ^CNre  of  Um^  oictab^^ran  mitfk  a  r^ 
hf^e^  ]^9#  thfe  greater  ^ij^e  of  iis  Bjos^  horizontals, 

Xi^e  %vyce§.  of  the  Tig^  f  A<>jw6«c  pxwn^  iim4  of  t\^ 
0ctaii€4ron  zpiih  a  rhomififi  ba^^p  hjam^  Uteir,  gr4^HK 

T*#.  fig^e  of  the  r^bt  ob^qt^^fmgl^  J?riV»?»,  h^ 
U»S^^atiPr.  fi^W!^^:^i^^^^>  ^^  ti^G^ greater  jkic^ 

the  spectator.  -    - 

%k^»  ^b»re  thfl  a/^hs,  of  ih^  i^sp,  qf  a.  ptmpry 
fOfnmi^  fight  ntng^Sy,  taut  of  jts  ^erf^i^  edge^y  ^ 
9^^  in  tbe  figure^  a^q  l^rizfi^ta^f.  But  jiFher^  thu 
a;2^/e!f  of  the  hasp  are  not  right  angie^^  tl^.  ;lBfiira  i§ 

Urmnale^^s  .^^  fibliq^f  \iiiteSf     ...y,. 

I  cQDCj^ive  th^  an  advantage  wUJ  9t|§n4lli9  p]#c}iig 
tbeSgwe^  of  ^lystals  pf  4iSff|eo(;  iiiWf(Ya()^«rb«]ipqsillS 
to  tbe  same  class  of  primary  forms^  al;¥>^9  ip  t]^ 
same  position*  Tbe  crystals  pf  different  substances 
may  be  then  more  easily  compared  with  eo^h  other^ 
and  tberr  peculiar  okaractens  N  more  readily  6b^ 
served.  Etielase,- and  j^ulphate' of  lime,  afre  right 
6bltque^atigled .  prjgms  s  bat  the  fignres  of  enclaM 
wfiicfa  accompany  tbe'Abbj§HfeLiiy's  descHption  of  that 
sttbst&Rce,  are  made  to  reat  on  pmd  6#  the  lateral 
planes  of  the  primary  form,  as  it  is  exhibited  in  p.  IQ^ 
while  his  primary  form  of  sulphate  of  lime  is  made  to 
rest  ou  Its  base  as  that  0gure  does. 

On  ea<ih  of  the  prirtiary  forms,  it  w}ll  be  obsi^ryed^ 
that  certain  letters 'are  placed,  which  are  intended  to 
designate  thie  angles,  edges,  and  plaiies,  of  crystals^ 
and  to. denote  their  similarity  pr  dissimilarity. 

We  are  indebted  to  the  Abbe  Haiiy  fpr  the'adapta« 
tion  of  letters  to  these  purpbses;  and  in  a  future 
itectiaii  tfa^  wmxm^r  will  be  expleined  •  in  which  they 


M«  ftjjjAieaU^  in  fte^cf^iiig  the  sree^nAity  formd  tf 

Some,  or  all,  of  the  vowels  A  E  I  O,  are  me  A  to 
designate  the  solid  angles ;  some  of  the  consonants, 
B  C  IB  FGH,  t6  designate  tfce  primary  eiSges)  Yind 
f  M  T  f6  deft^gnatb  the  primary  "planes  of  ci^ystals. 

5nS^  soMt.  letiet  is  reptaied  where  rtte  arigtes^  edges^ 
^f  fHanes  itre  simthr;  and  Aifferertt  Utters  are  used 
wKere  Aiase  angle's j  edges,  or  planes  are  dissimilar j 
acebrdingto  the  d^nOidm  of  similar  angles  ^'S^c.  given 
inp.  3.  ''''  '       " 

Thus  the  letter  A  is  repeated  on  all  the  angles  of 
the  cube,  Aesebeitig  all  rfftiftar;  xvhfle  A  and  Bare 
placed  on  the  alternate  angles  of  the  right  rhorobic 
prisik],  to  shew  that  there,  the  opposite  angles  orify 
ar6simftar« 

So  in  the  ciffcp,  the  defter  1^  Is  repeated  on  allthfe 
planes  because  they  are  all  siniitar. 

In  the  right  rhombic  prism,  the  letter  t*  stands  only 
on  the  terminal  plane,  the  lateral  planes  having  the 
letter  M  placed  upon  fliem.  This  implies  that  the 
lat^al  planes  aretiot  sirtiifar  to  the  tefminal  plane; 
Iftit  th6  l^er  M  being  repeated  on  both  the  lateral 
plane8,*^enotes  that  the^e  are  Hmilar  to  each  other. 

In  the  right  oblique-angled prisrn,^  the  lateral  planes 
are  distinguished  from  each  other  by  the  letters  IVf, 
and  If,  implying  that  they  are  dissimilar  to^  each  qtkery 
as  both  are  to  the  terminal  plane  which  is  (designated 
by  P. 

The  '  and  "  added  to  some  of  these  letters,  serve 
merely  to  distinguish  two  or  more  similar  planes  from 
each  other. 

Thus,  by  carefully  observing  the  position  of  the 
edges  of  the  base  of  any  figure,  as  it  is  explained  in 
p.  101  and  102,  and  the  letters  used  to  designate  the 
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•plaj(ie|8)  as  eaqplained  above,  we  may  immediately  djs- 
coyer  the  class  of  primary  form  to  which  the  figure 

The  front  planes  eaJiibked  in  the  drawing  of  any 
crystal  are  generally  one  half  the  number  belonging  to 
it;  hence  it  is,  obvious  that  if  these  be  described,  the 
parallel  planes  of  crystals  being  always  similar  to 
each  other,  the  planes  which  are  parallel  to  thoae 
shewn  in  the  drawing,  may  be  conceived  to  be  des- 
cribed also* 


It  may  be  remarked  that  the  modifying  planes  of 
the  series  of  forms  contained  in  the  tables,  are  pro- 
duced by  cutting  off  portions  of  the  figure  of  the 
primary  crystal  and  thus  reducing  its  bulk.  It  is 
almost  unnecessary,  after  what  has  been  already  said 
on  the  formation  of  crystals,  to  observe,  that  nature 
proceeds  .by  bpjlding  up  the  secondary  forms  instead 
of  thus  truncating  the  primary.  And  we  may,  if  we 
please,  imagine,  that  the  secondary  figures  given  in 
these  tables,  have^~be^i|Mreduced  by  additions^ -to 
primary  crystals  of  smaller  relative  dimensions  than 
those  placed  at  the  head  of  the  several  tables. 

The  inclination  of  any  two  planes  to  each  other,  as 
a  and  P,  modification  a  of  the  cube,  or  the  angle  ai 
which  they  meet^  is  commonly  expressed  in  this  man- 
ner, a  on  V  so  many  degrees  and  minutes. 
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THEIR  MODIFICATIONS. 


iMMMMBta 


THE  CUBE,  AND 


Primary  form. 


.^■^ 


1_ A.   ' 


r^f-r-T- 


Modifications. 
Class  a. 


Class  fr. 


<   '     w 
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ITS  MODIFICATIONS. 


Primftry  form.    The  cube. 


Modifications. 

Class  a.    Solid  angles  replaced  hy  tangiftU  pUneB. 

The  modifying  planes  are  equilateral  triangles. 

When  the  modifying  planes  are  so  extended  as  to 
efface  the  primary  planes,  a  regular  octahedron  will 
be  produced. 

Plane  a  on  t,  P'  or  F',  ISO*  15'  62". 


Class  b^  Solid  angles  replaced  by  three  planes 
resting  on  the  primary  planes. 

Each  of  the  series  of  new  figures  produced  by  this 
class,  would  be  contained  within  S4  equal  trapezoidal 
planes.  But  the  trapezoidal  planes  belonging  to  each 
figure  of  the  series  would  differ  in  their  angles  from 
those  belonging  to  every  other  figure  of  tbil  same 
series. 

Obs.  A  trc^piMd  b  a  four-sided  figure  whose 
opposite  edges  are  unequal  and  in  which,  if  lines  be 
drawn  through  the  angles  a,  and  by  Cf  and  d^  thej 
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will  intersect  each  other  at  right  angles,  ag  in  the 
following  figure. 

Fig.  133. 


Cla99  c.  Solid  angles  replaced  by  three  planes 
resting  on  the  edges  of  the  cube. 

The  series  of  new  figures  resulting  from  this  class, 
would  be  contained  within  S4  isosceles  triangular 
planes. 


Class  d.    Solid  angles  replaced  by  six  planes. 
The  new  figures  would  be  contained  within  48 
triangular  planes. 


Class  e.     Edges  replaced  by  tangent  planes. 

The  new  figure  would  be  the  rhombic  dodecahedron. 

Plane  e  on  P  or  P',  135% 


Class  jC    Edges  replaced  by  two  planes. 

This  class  would  produce  a  series  of  four- sided 
pyramids  on  the  planes  of  the  cube.  The  planes  of 
the  rhombic  dodecahedron,  and  those  of  the  cube, 
will  evidently  be  the  limits  of  this  series. 


ito 
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Class  g. 


Class  A. 
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Class  t* 


Class  A:* 


■ 

The  following  modifications  do  not  accord  with  the 
law  of  symmetry  as  defined  in  p.  77. 

Class  g.  Alternate  solid  angles  replaced  bj  tan- 
gent planes. 

A  regular  tetrahedron  would  result  from  this 
modification. 


/ 
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Class  A.  -  Alternate  solid  angles  replaced  bj  three 
planes  resting  on  the  primary  planes. 

The  series  of  new  figures  resulting  from  this  class, 
would  be  similar  to  those  produced  bj  class  c  of  the 
tetrahedron. 


Class  t. ,  Solid  angles  replaced  by  three  planes, 
each  of  which  inclines  unequally  on  tM  threes  a(yacent 
primary  planes. 

The  unequal  inclination  of  each  of  the  modifying 
planes  on  the  three  adjacent  primary  planes^  distin- 
guishes this  class  from  class  fr,  ea^h  plane  of  which 
inclines  equally  on  two  of  the  adjacent  planes,  and 
unequally  on  the  third  plane. 

The  character  of  this  class  is  similar  to  that  of 
class  dj  if  we  suppose  the  alternate  three  only  of  the 
modifying  planes  to  be  produced  on  each  solid  angle. 

Class  k.  Edges  replaced  by  single  planes  ihclining 
at  unequal  angles  on  the  adjacent  primary  planes, 
and  bearing  the  same  analogy  to  class  y)  that  class  t 
does  to  class  d. 

A  series  of  dodecahedrons  with  pentagonal  planes 
would  result  from  this  class  of  modifications,  but 
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Modifications* 


Class  a. 


Class  b. 


ITS   MODtFICATIOKS.  IIS 

there  is  only  one  of  the  series  known  to  exist  among 
crystals. 

It  appears  that  in  all  these  irregular  modifications, 
only  one  half  the  number  of  modifying  planes  is  pro- 
duced, which  would  be  required  by  the  law  of  sym- 
metry. 


ITS  MODIFICATIONS. 

Primary  form.     The  regular  tetrahedron. 
Plane  P  on  P',  70«  31'  43". 


Modifications. 

Class  a.    Solid  angles  replaced  by  tangent  planes. 

When  the  modifying  planes  yfr;/  touch  each  other  on 
the  edges  of  the  tetrahedron^  a  regular  octahedron  is 
produced. 

When  the  primary  planes  are  entirely  effaced,  the 
new  figure  is  a  tetrahedron  similar  to  the  primary. 

Plane  a  on  P  or  F,  I09*  28'  16". 

Class  b.  Solid  angles  replaced  by  three  planes 
resting  on  the  primary  planes. 

The  new  figures  would  be  dodecahedrons,  gene- 
rally with  trapezoidal  planes;  but  one  individual 
modification  belonging  to  this  class  produces  the 
rhombic  dodecahedron. 
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Class  C. 


Class  d. 


Class  e. 


Class/. 
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Class  c.  Solid  angles  replaced  by  three  planes 
resting  on  the  primary  edges. 

The  new  figures  would  be  dodecahedrons  with 
triangular  planes. 

The  planes  resulting  from  classes  6,  and  c,  would 
produce  a  great  variety  of  dodecahedral  solids ;  not 
any  of  which,  except  the  rhombic  dodecahedron,  can 
be  derived  from  the  octahedron  according  to  the  law 
of  symmetry. 

Glass  d.    Solid  angles  replaced  by  six  planes. 
The  new  figures  would  be  contained  within  21 
triangular  planes. 


Class  e.    Edges  replaced  by  tangent  planes. 

Produces  the  cube. 

Plane  c  on  P  or  P',  120*  15'  52". 


Class/.    Edges  replaced  by  two  planes. 

The  new  figures  would  be  dodecahedrons  with 

triangular  planes,  appearing  as  three-sided  pyramids 

on  the  planes  of  the  tetrahedron. 
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Modifications. 
Class  a. 


Class  b. 


Class  c. 


ITS  MODIFICATIONS. 

Primary  form.    The  regular  octahedron. 
Plane  P  on  P',  or  P",  109*  28'  16"- 


Modifications. 

Glass  a.     Solid  angles  replaced  by  tangent  planes. 
The  new  figure  resulting  from  this  modification  is 
the  cube. 


Class  b.  Solid  angles  replaced  by  four  planes 
resting  on  the  primary  planes. 

The  new  figures  would  be  contained  within  24 
trapezoidal  planes. 


Class  c.  Solid  angles  replaced  by  four  planes 
resting  on  the  primary  edges. 

The  new  figures  would  be  contained  within  24 
isosceles  triangular  planes. 
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Class  d.    Solid  angles  replaced  by  eight  planes. 
The  new  figures  would  be  contained  within  48 
triangular  planes. 


Class  e.    Edges  replaced  by  tangent  planes. 

The  new  figure  would  be  the  rhombic  dodecaliedron 

Plane  e  on  P  or  P,  144*  44'  8". 


Class/.    Edges  replaced  by  two  planes. 
The  new  figures  would  present  a  trihedral  pyramid 
on  each  primary  plane. 

It  has  been  already  stated  that  the  cleavages  of  the 
octahedron  and  the  tetrahedron  are  perfectly  similar, 
and  that  it  is  only  by  means  of  the  secondary  planes 
of  each,  that  we  can  discriminate  these  primary  forms 
from  each  other. 

The  octahedron  may  be  distinguished  as  a  primary 
form  from  the  tetrahedron,  according  to  the  rules 
laid  down  in  d  former  section,  by  such  of  its  single 
modifications  as  could  be  produced  on  the  tetra- 
hedron only  by  the  simultaneous  operation  of  two  or 
more  separate  modifications. 

But  it  is  obvious  that  all  the  modifications  of  the 
octahedron,  except  mod.  a  and  d,  would  require  a 
double  decrement  for  their  production,  supposing  the 
tetrahedron  were  the  primary  form. 
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This  may  be  easily  conceived^  if  we  recollect  that 
the  octahedron  itself  is  a  figure  resulting  from  the 
modification  a  of  the  tetrahedron;  and  that  the  edges 
of  the  modifying  plane  a,  of  the  tetrahedron,  are  not 
affected  by  modification  e,  or  f^  which  replace  the 
primary  edges  of  the  tetrahedron ;  and  that  the  pri- 
mary edges  of  the  tetrahedron  are  not  afiected  by  the 
modifications  6,  and  C|  which  would  replace  the  edges 
of  the  modifying  plane  a.  Three  classes  of  modifica- 
tion must  therefore  concur  upon  the  tetrahedron,  to 
produce  roost  of  the  secondary  forms  of  the  octa- 
hedron. 


ITS  MODIFICATIONS. 

Primary  form.     The  rhombic  dodecahedron. 
Plane  P  on  P',  90*. 
PonP",  120*. 

For  the  sake  of  avoiding  a  frequent  repetition  of 
the  description  of  the  two  kinds  of  solid  angles  of  this 
figure,  those  contained  within^otir  acute  plane  angles 
will  be  called  the  acute  solid  angles^  and  those  con- 
tained within  three  obtuse  plane  angles,  will  be  called 
the  obtuse  solid  angles. 

Modifications. 

Class  a.    Acute  ^olid  angles  replaced  by  tangent 
planes. 
The  new  figure  would  be  the  cube. 
Plane  a  on  P,  1S5*. 
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Class  d. 


Glass  e. 


Class  b.  Acute  solid  angles  replaced  by  foor  {tktnes 
resting  on  the  primary  planes* 

The  new  figures  would  be  contained  within  24 
isosceles  triangular  phtiies. 


Class  c.  Acute  solid  angles  replaced  by  four  planes 
resting  on  the  primary  edges. 

The  new  figures  would  be  contained  within  S4; 
trapezoidal  planes. 


Class  d.  Acute  solid  angles  replaced  by  eight 
planes. 

The  new  figures  would  be  contained  wttUii  48 
triangular  planes. 


Class  e.    Obtuse  solid  angles  replaced  by  tangent 
planes. 

The  new  figure  would  be  the  regular  octahedron* 
Plane  c  on  P  144*  44'  8^. 
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Class/.  Obtuse  solid  angles  replaced  by  three 
planes  resting  on  the  primary  planes. 

The  new  figures  would  be  contained  within  S4 
isosceles  triangular  planes. 


Glass  g*.  Obtuse  solid  angles  replaced  by  three 
planes  resting  on  the  primary  edges. 

The  new  figures  would  be  contained  within  24 
trapezoidal  planes. 


Glass  A.  Obtuse  solid  angles  replaced  by  six^ 
planes. 

The  new  figures  would  be  contained  within  48 
triangular  planes. 


Class  f.    Edges  replaced  by  tangent  planes. 
The  new  figures  would  be  contained  within  S4 
trapezoidal .  planes  • 
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Class  k.    Edgee  replaced  by  two  planes. 

The  new  figures  would  be  contained  within  48 
triangular  planes. 

It  may  be  remarked  that  the  secondary  forms  be- 
longing to  the  four  preceding  classes  of  primary 
forms,  are  nearly  similar  to  each  other.  And,  with 
the  exception  of  the  tetrahedron,  each  primMiy  form 
is  found  to  be  also  a  secondary  form  to  each  of  the 
other  primary. 

The  table  of  secondary  forms,  which  will  be  found 
at  the  end  of  the  tables  of  modifications,  exhibits  the 
relation  to  each  other  of  each  of  the  preceding  classes 
of  secondary  forms. 


BASE,  AND  ITS  MODIFICATIONS. 

Primary  form.  The  octahedron  with  a  square  base. 

The  individuals  belonging  to  this  class  will  differ 
from  each  other  in  the  inclination  of  P  on  P",  and 
consequently  of  P  on  P'. 


Modifications. 

Class  a.  Terminal  solid  ano^les  replaced  by  tan- 
gent planes. 

As  this  modification  contains  only  two  parallel 
planes,  those  planes  can  never  efface  the  primary 
planes  and  produce  a  solid.     The  same  observation 
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Class  6. 


Class  r. 


Class  d. 
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will  apply  to  all  those  classes  which  produce  onfytwo^ 
cffouTy  parallel  planes  upon  the  primary  form.  In 
these  cases,  as  no  entire  secondary  form  can  result 
from  the  secondary  planes  alone^  no  new  figure  is 
described. 

Class  b.  Terminal  solid  angles  replaced  by  four 
planes  resting  on  the  primary  planes. 

The  new  figures  would  be  more  obtuse  octa- 
hedrons. 


Class  r.     Terminal  solid  angles  replaced  by  four 
;        planes  resting  on  the  primary  edges. 
'  Another  series  of  octahedrons  more  obtuse  than 

the  primary  would  result  from  this  class. 


Class  d.  Terminal  solid  angles  replaced  by  eight 
planes. 

The  new  figures  would  be  double  eight-sided  pyra- 
mids united  at  a  common  base,  and  measuring  un- 
equally over  the  two  pyramidal  edges  of  each  of  the 
planes.  The  sur&ces  of  the  new  planes  would 
generally  be  scalene  triangles. 
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Class  e.    Solid  angles  of  the  base  replaced  by  tan- 
gent planes. 

This  modification  would  produce  only  four  sides  of 
a  prism. 


Glassy.  Solid  angles  of  the  base  replaced  by  two 
planes  resting  on  the  edges  of  the  summits. 

This  modification  would  produce  a  series  of  octa- 
hedrons more  acute  than  the  primary. 


Class  g.    Solid  angles  of  the  base  replaced  by  two 
planes  resting  on  the  edges  of  the  base. 


R  9 


US  THE  OCTAHED&OSr  WITH  A  SQUARE 

Class  A, 


Class  f. 


Class  k. 
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Class  A.  Solid  angles  of  the  base  replaced  by  four 
planes  resting  on  the  primary  planes,  and  having  their 
edges  parallel  to  the  edges  of  the  pyramids. 


Class  f.  Solid  angles  of  the  base  replaced  by  four 
planes  inclining  more  on^  the  terminal  edges  than 
modification  A. 


Class  k.  Solid  angles  of  the  base  replaced  by  four 
planes  inclining  more  on  the  edges  of  the  base  than 
modification  k. 

A  series  of  double  eight-sided  pyramids  might 
result  from  class  A,  ip  and  ky  analogous  to  those  re- 
sulting from  class  d^  but  more  acute. 
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Class  /•  Edges  of  the  pyramids  replaced  by  tan* 
gedt  planes. 

The  new  figure  resulting  from  this  modification 
would  be  an  octahedron  with  a  square  base^  but  more 
obtuse  than  the  primary. 


Class  m.  Edges  of  the  pyramids  replaced  by  two 
planes. 

Class  m  would  produce  eight-sided  pyramids  simi- 
lar in  character  to  those  resulting  from  class  d. 


Class  n.    Edges  of  the  base  replaced  by  tangent 
planes. 
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Class  o.    Edges  of  the  base  replaced  hy  two  planes. 
The  new  figures  would  be  octahedrohs,  more  acute 
than  the  primary^. 


The  character,  and  number,  of  the  modifications  of 
this,  and  some  other  of  the  following  classes  of  pri- 
mary forms,  arise  from  the  dissimilarity  between  the 
edges  and  angles  of  the  summits,  and  those  of  the 
base,  in  the  octahedrons ;  and  between  the  angles  of 
the  terminal  planes,  or  the  terminal  and  the  lateral 
edges  of  the  prisms,  and  sometimes  between  the  la- 
teral edges  themselves. 

The  primary  crystals  belonging  to  this  class  of 
primary  forms,  are  distinguishable  from  regular  octa- 
hedrons by  the  unequal  inclinations  of  the  plane  P 
oD  P',  a^nd  P  on  P" ;  and  the  secondary  forms  may  be 
distinguished  by  the  modifications  taking  place  on 
some  only  of  the  edges  or  angles,  and  not  on  all,  as 
they  do  on  the  regular  octahedron.  If  two  of  its 
edges  measure  over  the  summit  more  than  90",  the 
octahedron  of  this  class  is  called  obtuse ;  if  less  than 
90°,  it  is  called  acute.  In  the  regular  octahedron  the 
edges  measure  exactly  90''  over  the  summit. 

The  secondary  octahedrons  belonging  to  this  class, 
have,  like  the  primary,  square  bases. 
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Primary  form. 


Modifications. 
Class  a. 


Class  b. 


BASE,  AND  ITS  MODIFICATIONS. 

Primary  form.  An  octahedron  with  a  rectangular 
base. 

In  this  figure  the  broad  planes  P  P',  meet  at  the 
edge  of  the  base  at  a  more  obtuse  angle  than  the  nar- 
row ones  M  IMI^  The  edge  D  may  therefore  be 
denominated  the  obtuse  edge  of  the  base,  and  the 
edge  F  the  acute  edge;  or  they  may  be  termed  the 
greater  and  lesser  edges  of  the  base. 

The  individuals  belonging  to  this  class  of  primary 
forms  will  differ  from  each  other  in  the  inclination 
of  P  on  P',  or  of  M  on  M'. 

Modifications. 

Class  a.  Terminal  solid  angles  replaced  by  single 
planes. 


Class  b.    Terminal  solid  angles  replaced  by  two 
planes,  resting  on  the  broad  planes. 


83 


140      THE  OCTAHEDRON  WITH  A  RECTANGULAR 

Class  C. 


Class  d. 


Class  e. 


Class  yi 
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Class  c.     Terminal  solid  angles  replaced  by  two 
planes,  resting  on  the  narrow  planes. 


Class  df.  Terminal  solid  angles  replaced  by  four 
oblique  planes. 

The  new  figures  would  be  octahedrons  with 
rbombic  bases. 


Class  t.  Solid  angles  of  the  base  replaced  by 
single  planes,  whose  edges  are  parallel  to  the  edges 
of  the  pyramids.   ' 


Class  /•  Solid  ai^gles  of  the  base  replaced  by 
single  planes,  inclining  on  the  greater  edges  of  tl» 
base  more  than  those  of  modification  e. 
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Class  2*, 


Class  A» 


Class  f • 


Class  k^ 
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ClasB  g.  Solid  angles  of  the  base  rejpkced  by 
single  planes  inclining  more  on  the  lesser  edges  of 
the  base  than  those  of  modification  e. 

Classes  e/and  gy  would  give  the  lateral  planes  of 
a  series  of  right  rhombic  prisms. 


Class  A.  Solid  angles  of  the  base  replaced  by  two 
planes,  one  edge  of  each  new  plane  being  parallel 
to  a  pyramidal  edge  of  the  broad  primary  planes. 


Class  t.  Solid  angles  of  the  base  replaced  by  two 
planes,  one  edge  of  each  new  plane  being  parallel  to 
a  pyramidal  edge  of  the  narrow  primary  planes. 


Class  k.  Solid  angles  of  the  base  replaced  by  two 
planes,  neither  of  whose  edges  are  parallel  to  any 
edge  of  the  primary  form. 


Glass  /.  . 


Class  m. 


Class  If. 
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Class  /•  Edges  of  the  pyraoiids  replaced  bj  single 
planes. 

A  series  of  octahedrons  with  rhombic  bases  would 
result  from  Classes  hf  t ,  k,  and  /• 


Class  m.    Greater  edges  of  the  base  replaced  by 
single  planes. 


Class  n.    Greater  edges  of  the  base  replaced  by 
two  planes. 


Class  o.    Lesser  edges  of  the  base  replaced  hj 
single  planes. 
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Class  p.  Lesser  edges  of  the  base  replaced  by  two 
planes. 

This  species  of  octahedron  has  been  adopted  here 
as  a  primary  form,  in  conformity  with  the  opinions 
entertained  by  the  Abb6  Haiiy  of  its  belonging  to 
certain  species  of 'minerals.  But  it  is  probable  that 
the  right  rhombic  prism  is  really  the  primary  form, 
of  most,  if  not  of  all,  those  species,  and  that  there  is 
not  any  mineral  whose  crystals  are  strictly  referable 
to  this  class  of  octahedrons. 


BASE,  AND  ITS  MODIFICATIONS. 

Primary  form.  An  octahedron  with  a  rhombic  base. 

It  has  been  already  observed  that  this  figure  is 
drawn  with  the  greater  diagonal  of  the  base  horizontal. 
Hence  the  primary  planes  meet  at  the  edge  B,  at  a 
more  acute  angle  than  at  the  edge  C.  The  edge  B 
will  therefore  be  denominated  an  acute  edge  of  the 
pyramid,  and  the  edge  C,  an  obtuse  edge  of  the  pyra-< 
mid.  The  solid  angle  at  E  will  be  termed  the  acute 
lateral  solid  angle^  and  that  at  I  the  obtuse  lateral 
solid  angle. 

The  individuals  belonging  to  this  class  will  difier 
from  each  other  in  the  inclinations  of  P  on  P'  and 
on  P". 
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Modifications. 
Class  Hf 


Class  b. 


Class  c. 


Class  d. 
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Modifications. 

Class  a.    Terminal  solid  angles  replaced  by  tangent 
planes. 


Class  b.    Terminal  solid  angles  replaced  by  two 
planes^  resting  on  the  obtuse  edges  of  the  pyramids. 


Class  c.    Terminal  solid  angles  replaced  by  two 
planes,  resting  on  the  acute  edges  of  the  pyramids. 


Class  d.  Terminal  solid  angles  replaced  by  four 
planes,  resting  on  the  primary  planes. 

The  edges  of  the  planes  d,  which  intersect  the 
primary  planes,  are  parallel  to  the  edges  of  the  base. 
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Class  e. 


Class/ 


Class  g. 
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Class  e.  Terminal  solid  angles  replaced  by  four 
oblique  planes,  inclining  on  the  obtuse  edges  of  the 
pyramids. 


Class/.  Terminal  solid  angles  replaced  by  four 
oblique  planes,  inclining  on  the  acute  edges  of  the 
pyramids. 

Modifications  e,  and  /,  may  be  distinguished  from 
inodificatioh  dy  by  the  edges  of  the  modifying  planes 
which  intersect  the  primary  planes,  not  being  parallel 
to  the  edges  of  the  base. 

Classes  d^  e,  and  j^  would  produce  a  seriej  of  octa- 
hedrons with  rhombic  bases,  more  obtuse  than  the 
primary. 

Class  g.  Obtuse  lateral  solid  angles  replaced  by 
tangent  planes. 
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Glass  h. 
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Class  t. 


Class  k. 
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Class  A.     Obtuse  lateral  solid  angles  rejdaced  by 
two  planes,  resting  on  the  edges  of  the  pyramids. 


Glass  f.  Obtuse  lateral  solid  angles  replaced  by 
two  planes,  resting  on  the  edges  of  the  base. 

Planes  t  might  be  the  lateral  planes  of  a  right 
rhombic  prism. 


Class  k.  Obtuse  lateral  solid  angles  replaced  by 
four  planes,  resting  on  the  primary  planes. 

The  edges  produced  by  the  intersection  of  the 
planes  of  this  modification  with  the  primary  planes, 
are  parallel  to  the  primary  edges  of  the  pyramids. 
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Class  If. 
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Class  /.  Obtuse  lateral  solid  angles  replaced  by 
foar  oblique  planes,  inclining  on  the  obtuse  edges  of 
the  pyramids. 


Class  m.  Obtuse  lateral  solid  ^angles  replaced  by 
four  oblique  planes  inclining  on  the  edges  of  the 
base. 

The  edges  of  planes  /,  and  m,  intersect  the  primary 
planes  in  lines  which  are  not  parallel  to  the  primary 
edges  of  the  pyramids. 

The  new  figures  resulting  from  classes  k^  I  and  tn^ 
would  be  octahedrons,  more  acute  than  the  primary, 
with  rhombic  bases. 


Class  n.    Acute  lateral  solid  angles  replaced  by 
tangent  planes. 
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Class  o. 
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Class  o.  Acute  lateral  solid  angles  replaced  by 
two  planes,  resting  on  the  edges  of  the  pyramids. 

If  we  suppose  the  octahedron  to  be  placed  with  its 
axis  horizontally,  the  planes  of  classes  6,  c,  A,  or  o^ 
might  be  the  lateral  planes  of  right  rhombic  prisms. 


Class  p.  Acute  lateral  solid  angles  replaced  by 
two  planes,  resting  on  the  edges  of  the  base. 

Planes  p  might  be  the  lateral  planes  of  a  right 
rhombic  prism.. 


Class  q.  Acute  lateral  solid  angles  replaced  by 
four  planes,  resting  on  the  primary  planes,  and  inter- 
secting those  planes  in  lines  parallel  to  the  edges  of 
the  pyramids. 
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Class  r. 


Class  s> 


Class  I. 
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Class  r.  Acute  lateral  solid  angles  replaced  by 
four  oblique  planes,  inclining  on  the  edg^s  of  the 
pyramids. 


Glass  s.  Acute  lateral  solid  angles  replaced  by 
four  oblique  planes,  inclining  on  the  edges  of  the  base. 

The  planes  r,  and  s^  intersect  the  primary  planes 
in  lines  which  are  not  parallel  to  the  edges  of  the 
pyramids. 

The  new  figures  resulting  from  class  ;,  r,  and  s, 
would  be  octahedrons,  more  acute  than  the  primary, 
with  rhombic  bases. 


Class  t.    Obtuse  edges  of  the  pyramids  replaced 
by  tangent  planes. 
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Class  u. 


Class  x;. 


Class  X. 


Class  ^. 
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Class  u.    Obtuse  edges  of  the  pyramid  replace^  by 
two  planes. 


Class  V.    Acute  edges  of  the  pjrramid  replaced  by 
tangent  planes.  / 
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Glass  x.  Acute  edges  of  the  pyramid  replaced  by 
two  planes.  '  . 

The  new  figures  produced  by  class  Uy  and  Xj  would 
be  octahedrons,  more  obtuse  than  the  primary,  with 
rhombic  bases. 


'ii,.    '-' 


Class  y .  Edges  of  the  base  replaced  by  ta.ngent 
planes. 

Planes  y  might  be  the  lateral  planes  of  a  right 
rhombic  prism. 
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Modifications. 
Classa. 


•■    ,.■      '  ■• 


vi 


**  ! 


\. 


r 


Class  z.  Edges  of  the  base  replaced  by  two  planes. 
The  new  figures  would  be  more  acute  octahedrons^ 
with  rhombic  bases. 

The  unequal  angles  at  which  the  primary  planes 
incline  to  each  other  at  the  edges  B  and  G,  sufficiently 
distiuguish  this  class  of  octahedrons  from  the  pre« 
ceding  classes. 


ITS  MODIFICATIONS. 

Primary  form.    A  right  square  prism. 

The  individuals  of  this  class  will  differ  from  each 
other  in  the  comparative  length  of  the  edges  G  and  B. 


Modifications. 

Class  a.  Solid  angles  replaced  by  single  planes 
whose  edges  are  generally/  isosceles  triangles  J 

But  they  are  not  necessarily  always  so. 

For  if  the  decrements  in  height  be  to  those  in 
breadth  in  exactly  the  same  ratio  that  the  terminal 
edge  of  the  prism  bearp  to  its  height,  the  truncating 
planes  on  the  angles  will  be  equilateral  triangles, 
and  those  on  the  edges  of  the  summit  would,  under 
similar  circumstances,  be  tangent  planes. 
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It  18  however  extremely  improbable  ftiat  this  pre- 
cise relation  between  the  dimensions  of  the  pr^m  and 
the  law  of  decrement  should  ever  exist.  The  charac- 
ter of  the  modifying  planes,  as  given  above,  may 
therefore  be  conjsidered  to  exist  in  all  the  prisms 
belonging  to  this  class. 

Modification  a  would  produce  a  series  of  four* 
sided  pyramids  on  each  summit,  resting  on  the  lateral 
edges  of  the  prism.  And  if  the  modifying  planes 
were  so  enlarged  as  to  efiace  the  primary  planes,  a 
series  of  octahedrons  with  square  bases  would  result. 

The  planes  produced  by  this  modification  incline 
equally  on  M  and  M',  but  at  a  different  angle  from 
that  at  which  they  incline  on  P.  This  character  of 
the  plane  a,  will  distinguish  it  from  plane  a  of  the 
cube;  and  its  equal  inclination  on  M  and  M',  will 
distinguish  it  from  plane  a  of  the  right  Rectangular 
prism. 

Class  6.     Solid  angles  replaced  by  two  planes. 

The  new  figures  produced  by  this  class  would  be 
eight-sided  pyramids,  similar  to  those  produced  by 
d^  A,  t,  k  and  m  of  the  octahedron  with  a  square  base. 


Class  c.  £dges  of  summit  replaced  by  single 
planes  not  forming  equal  angles  generally  with  the 
adjacent  terminal  and  lateral  planes. 

Produces  a  series  of  four-sided  pyramids  resting 
on  the  lateral  planes  of  the  prism  ;  and  by  an  exten- 
sion of  the  modifying  planes,  a  series  of  octahedrons, 
with  square  b^es  would  result. 
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Class  df.  Edges  of  prism  replaced  by  tangent  planes. 

The  equal  inclination  of  the  planes  d,'  upon  the 
adjacent  primary  lateral  planes,  distinguishes  these 
secondary  forms  from  those  of  the  right  rectangular 
prism. 


Class  e.     Edges  of  prism  replaced  by  two  planes. 

The  modifications  of  the  terminal  edges  alone,  or 
the  lateral  edges  alone,  will  tend  to  distinguish  the 
secondary  crystals  belonging  to  this  class  of  prisms, 
from  those  derived  from  the  cube. 

A  close  resemblance  may  be  remarked  between  the 
primary  and  secondary  forms  of  this  class  of  prisms, 
and  those  of  the  octahedron  with  a  square  base ;  and 
it  is  only  from  the  cleavage  that  we  are  enabled  to 
decide  which  of  these  forms  is  to  be  regarded  as  the 
primary,  in  reference  to  such  secondary  forms  as  are 
common  to  both. 


ITS  MODIFICATIONS. 

Primary  form.    A  right  rectangular  prism. 

The  individuals  belonging  to  this  class  will  differ 
from  each  other  in  the  comparative  length  of  the 
three  adjacent  edges  C,  B,  and  G. 
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Modifications. 

Class  a.  Solid  angles  replaced  bj  single  scalene 
triangular  planes,  which  incline  on  the  three  adjacent 
primary  planes  at  unequal  angles. 

The  new  figures  which  would  be  ultimately  pro- 
duced by  this  class  of  modifications,  would  be  a  series 
of  octahedrons  with  rhombic  bases. 


Class  b.    Greater  terminal  edges  replaced  by  single 
planes. 


Class  c.  Lesser  terminal  edges  replaced  by  single 
planes. 

The  new  figures  which  would  be  produced  by  a 
combination  of  modifications  b  and  c,  would  be  a 
series  of  octahedrons  with  rectangular  bases. 


Class  d.  Lateral  edges  of  the  prism  replaced  by 
sihgle  planes. 

A  series  of  right  rhombic  prisms  would  result  from 
this  class  of  modifications. 

If  more  planea  than  one  be  found  modifying  any 
one  of  the  edges  or  angles  of  this  form,  they  are  sup- 
posed to  result  from  as  many  individual  modifications, 
as  there  are  planes  upon  the  particular  edge  or  angle 
on  which  they  occur. 

The  planes  produced  by  modifications  class  6,  c, 
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and  dj  will  generally  iodine  on  the  adjaoMt  primary 
planes  at  unequal  angles. 

The  occurrence  of  modification  6,  (doncj  or  modifi- 
cation Cy  ahntj  or  the  unequal  inclination  of  plane  dy 
or  M,  and  T,  will  tend  to  distinguish  the  crystals 
belonging  to  this  class  of  prisms  from  those  of  the 
square  prism  or  cube. 


ITS  MODIFICATIONS. 


Primary  form.    A  right  rhombic  prism. 

The  solid  angles  at  A  will  be  termed  the  obtuse^ 
and  those  at  E  the  acute  solid  angles^  of  this  class  of 
prisms.  The  edge  G  will  be  called  the  acute^  and  the 
edge  H  the  obtuse^  lateral  edges  of  the  prisms. 

The  individuals  belonging  to  this  class  will  differ 
from  each  other  in  the  inclination  of  M  on  M',  or  in 
the  ratio  of  the  edge  H  to  the  edge  B. 

Modifications. 

Class  a.  Obtuse  solid  angles  replaced  by  single 
planes  which  intersect  the  terminal  plane  parallel 
to  its  greater  diagonal. 

When  the  planes  a,  increase  so  much  as  to  meet 
above  the  terminal  plane,  the  resulting  figure  may 
be  an  octahedron  with  a  rectangular  base,  as  shewn 
in  fig.  288. 

Fig.  228. 
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Class  d. 


Class  6.  Obtuse  solid  angles  replaced  by  two 
planes. 

This  modification  would  produce  a  series  of  four- 
sided  pyramids,  replacing  the  terminal  plane,  and 
the  new  figures  would  be  octahedrons  with  rhombic 
bases. 


Class  c.  Acute  solid  angles  replaced  by  single 
planes,  which  intersect  the  terminal  plane  parallel 
to  its  short  diagonal. 

An  octahedron  with  a  rectangular  base,  as  shewn 
in  fig.  331,  may  result  from  this  class  of  modifications 
also,  but  reversed  in  its  position  when  compared  with  , 
that  produced  by  modification  a. 

Fig.  231.  ■ 


Class  d.    Acute  solid  angles  replaced  bytwo  planes. 

This  class  produces  octahedrons  with  rhombic  bases, 
difiering  from  those  which  might  result  from  class  b. 
only  in  the  relative  inclination  of  the  secondary  planes 
to  each  other. 
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Class  e.    Terminal  edges  replaced  by  single  planes. 

TluB  modification  would  produce  a  series  of  four- 
sided  pyramids  replacing  the  terminal  planes,  and  the 
new  figures  would  be  octahedrons  with  rhombic  bases. 


Classyi    Obtuse  lateral  edges  replaced  by  tangent 
planes. 


Class  g*.  Obtuse  lateral  edges  replaced  by  two 
planes. 

When  the  primary  lateral  planes  are  e'fiaced  by 
the  planes  gy  a  series  of  secondary  right  rhombic 
prisms  would  be  produced. 


Class  A.    Acute  lateral  edges  replaced  by  tangent 
planes. 
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Modifications. 
Class  a». 


Class  t\  Acute  lateral  edges  replaced  by  two  planes. 

This  modification  would  produce  another  series  of 
nght  rhombic  prisms. 

A  general  analogy  may  be  observed  to  prevail  be- 
tween these  secondary  forms,  and  those  of  the  octa- 
hedron and  a  rhombic  base,  and  it  is  only  from 
cleavage  that  we  are  enabled  to  refer  the  secondary 
forms  to  either  of  these  primary  ones. 


AND  ITS  MODIFICATIONS. 

Primary  form.     A  right  oblique-angled  prism. 

The  angles  and  edges  of  this  class  of  prisms  may 
be  designated  as  those  of  the  right  rhombic  prism 
liave  been,  calling  the  solid  angles  at  A  the  obtuse, 
those  at  E  the  acute  solid  angles  ;  the  lateral  edges 
at  H  the  obtuse,  those  at  6  the  acute  lateral  edges ; 
the  edges  B  may  be  called  the  greater^  and  C  the 
lesser  terminal  edges. 

The  individuals  belonging  to  this  class  of  prisms 
will  differ  from  each  other  in  the  inclination  of  M  on 
T,  and  in  the  relative  lengths  of  the  edges  C,  B, 
andH. 

Modifications. 

Class  a.  Obtuse  solid  angles  replaced  by  dingle 
planes.  » 
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Class  b.  Acute  solid  angles  replaced  by  sitigle 
planesl 

The  planes  of  both  these  modifications  are  scalene 
triangles. 


Class  c.  Greater  terminal  edges  replaced  by  single 
planes. 


Class  (f.  Lesser  terminal  edges  replaced  by  single 
planes. 

The  relative  dimensions  of  the  terminal  edges  can 
be  ascertained  only  from  some  modification  which  is 
supposed  to  indicate  the  direction  of  one  of  the  diago« 
naisof  the  terminal  plane;  from  this  the  angle  which 
the  diagonal  makes  with  an  edge  of  the  same  pl^e 
may  be  deduced,  and  thence  the  ratio  of  the  terminal 
edges  may  be  known. 

Class  e.  Obtuse  edges  of  tbe  prism  replaced  by 
single  planes. 
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Class  /•  Acute  edges  of  the  prism  replaced  bj 
single  planes. 

Modifications  e,  and  /*,  incline  unequally  on  the 
adjacent  lateral  planes. 

The  characters  which  distinguish  t6is  dass'of 
prisms  from  right  rhombic  prisms,  are,  first,  the  un- 
equal inclinations  of  an  j  secondary  lateral  plane  on 
the  two  adjacent  lateral  primary  planes ;  and  secondly, 
the  occurrence  of  similar  modifying  planes  upon  two 
only  of  the  terminal  edges. 

There  is  a  remarkable  general  character  of  obliquity 
in  the  planes  resulting  from  modifications  c,  and  ^, 
which  tends  to  distinguish  the  secondary  forms  be- 
longing to  this  class  of  primary  forms  from  those 
belonging  to  the  right  rectangular  prism. 

Epidote  afibrds  a  good  illustration  of  this  character. 


ITS  MODIFICATIONS. 

Primary  form.    An  oblique  rhombic  prism. 

The  figure  i8  supposed  to  be  oblique  in  the  direc- 
tion O  A,  so  that  the  terminal  plane  forms  an  obtuse 
angle  with  the  edge  H.  The  planes  M  M',  may  meet 
at  an  acute,  or  an  obtuse  angle.  For  the  convenience 
of  description,  the  solid  angle  at  A,  will,  in  either 
case,  be  called  the  acute  solid  angle ;  that  at  O,  the 
obtuse  solid  angle ;  and  those  at  F,  the  lateral  solid 
angles. 

The  edges  B  will  be  called  the  acute  terminal  edgesy 
and  those  at  D  the  obtuse  terminal  edges.  The  edge 
H,  and  its  opposite,  are  the  oblique  edges  oftheprismy 
and  G  and  (i'  the  lateral  edges  of  the  prism* 
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The  individuals  of  this  class  will  differ  firan  ^ach 
other  in  the  indination  of  M  on  M'^  and  in  the  ratio 
of  the  edge  H  to  die  edge  D. 

Modifications* 

Chssa*  Obtuse  solid  angles  replaced  by  single 
planes. 


Class  b.     Obtuse  solid  angles  replaced  by  two 
planes. 


Class  c.    Acute  solid, angles  replaced  by  single 
planes. 
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Class  d.     Acute  solid  angles  replaced,  hy  two 
planes. 


Class  e.  Lateral  solid  angles  replaced  by  jingle 
planes. 

This  class  would  produce  a  series  of  octahedrons 
analogous  to  those  resulting  from  modification  c  of 
the  right  rhombic  prism,  but  whose  bases  instead  of 
being  rectangles,  would  be  oblique-angled  parallelo- 
grams. 


Class/.    Obtuse  terminal  edges  replacfed  by  single 
planes. 
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Class  g.    Acute  terminal  edges  replaced  by  single 

planes. 


Class  A.    Oblique  edge9  of  the  prism  replaced  by 
tangent  planes. 


Class  t.    Oblique  edges  of  ,the  prism  replaced  by 
two  planes^ 
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Class  k.    Lateral  edges  of  the  prism  replaced  by 
tangent  planes. 


Glass  /.  Lateral  edges  of  the  prism  replaced  hy 
two  planes. 

Classes  f,  and  /,  would  produce  other  oblique  rhom> 
bic  prisms,  varying  from  the  primary,  and  from  each 
other,  in  the  angles  at  which  their  lateral  planes 
would  meet. 

In  this  class  of  primary  forms  the  cleavage  planes, 
parallel  to  one  of  the  lateral  planes,  are  sometimes 
brighter  than  those  parallel  to  the  other  planes,  which 
is  not  the  general  character  of  symmetric  cleavage. 

This  class  of  prisms  may  generally  be  distinguished 
from  rhomboids,  by  the  unequal  angles  at  which  the 
adjacent  planes  incline  to  each  other  at  a  terminal 
edge,  and  at  an  adjacent  lateral  oblique  edge ;  but  if 
these  planes  should  respectively  meet  at  equal  angles, 
as  it  is  possible  they  may  do,  the  distinction  then  would 
arise  from  the  lateral  edge  being  greater  6r  less  than 
the  terminal  one.  For  it  is  possible  that  the  in- 
clination of  P  on  M,  or  M^,  should  be  equal  to  that  of 
M  on  M',  but  in  this  case  the  edges  D  would  be 
greater  or  less  than  the  edges  H,  and  this  prism 
would  then  bear  the  same  analogy  to  the  rhomboid, 
that  the  square  priam  does  to  the  cube. 


THE  DOUBLY  OBLIQUE  PRISM,  AND 
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Modifications. 
Class  a. 
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ITS  MODIFICATIONS. 
Primary  form.    A  doubly  oblique  prism. 

This  class  of  prisms  may  be  supposed  to  stand  in 
the  same  relation  to  the  right  oblique-angled  prisms, 
that  the  oblique  rhombic  prism  does  to  the  right 
rhombic  prism;  and  the  following  modifications  will 
be  better  understood,  by  supposing  a  right  oblique' 
angled  prism  to  become  oblique  from  an  acute  or 
an  obtuse  edge  of  the  prism.  This  form  will  then  be 
readily  perceived  to  vary  from  the  oblique  rhombic 
prism,  in  the  dissimilarity  of  its  plane  angles  A,  E, 
I,  and  O,  of  its  acute  terminal  edges  B  C,  and  of  its 
obtuse  terminal  edges  D  and  F. 

The  edges  and  angles  of  this  class  of  prisms  may 
be  designated  by  the  same  terms  as  have  been  used 
for  the  corresponding  ones  of  the  oblique  rhombic 
prism. 

The  individuals  belonging  to  this  class  will  difier 
from  each  other  in  the  inclination  of  P  on  M,  P  on  T, 
and  M  on  T,  and  in  the  ratios  of  the  edges  D,  H, 
and  F. 

Modifications. 

Class  a.  Obtuse  solid  iingles  O,  replaced  by  single 
planes. 
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Class  b. 


Class  c. 


Classed. 


Clas»«. 
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Class  A.    Acute  solid  angles  A,  replaced  by  single 

planes. 


Glass  c.   Lateral  solid  angles  £,  replaced  by  single 

planes. 


Class  d.    Lateral  solid  angles  I,  replaced  by  single 
planes. 


Class  e.     Acute  terminal  edges  B,  replaced  by 
single  planes. 
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Ctofilig. 


(Aass  h. 
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Class/.  Acute  terminal  edges  C,  replaced  bfiikgle 

planes. 


Class  g.    Obtuse  terminal  edges  D,  replaced  by 
single  planes. 


Class  h.    Obtuse  terminal  edges  F,  replaced  by 
single  planes. 


^     / 


Class  t.    Oblique  edges  of  prism  replaced  by  single 
planes. 


3b  2 
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THB  DOUBLY.  OBLIQDB  PBIIM,  AND 


CUamk. 


THE  REGULAR  HEXAGONAL  PRISM,  AND 


Primary  form. 


Modifications. 
Class  a. 
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Glass  k.  Lateral  edges  of  prism  replaced  by  single 
planes. 

From  the  dissimilarity  of  any  two  adjacent  edges 
or  angles  of  this  class  of  primary  forms,  the  modi- 
fications, it  will  be  remarked,  are  all  single  planes ; 
some  of  the  compound  secondary  forms  belonging  to 
this  class,  are  among  the  most  difficult  crystals  to  be 
understood. 


ITS  MODIFICATIONS. 

Primary  form.    A  regular  hexagonal  prism. 

The  planes  M  on  M',  measure  120'.    M  on  d,  150^ 
The  individuals  belonging  to  this  class  will  differ 

from  each  other  io  the  ratio  of  the  edge  6  to  the 

edge  B. 


Modifications. 

Class  a.    Solid  angles  replaced  by  single  planes. 

Produces  a  six-sided  pyramid  on  each  summit, 
resting  on  the  edges  of  the  prism. 

The  new  figures  woulfl  be  a  series  of  dodecahedrons 
with  isosceles  triangular  planes. 
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Class  b. 


Class  c. 


Class  d. 
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Class  b.    Solid  angles  replaced  by  two  planes. 
The  series  of  new  figures  would  be  contained 
within  S4  triangular  planes. 


Glass  c.   Terminal  edges  replaced  by  single  planes. 

Produces  a  regular  hexagonal  pyramid  on  each 
summit,  resting  on  the  planes  of  the  prism. 

The  new  figures  would  be  dodecahedrons  with 
isosceles  triangular  planes. 


Glass  d.    Lateral  edges  replaced  by  tangent  planes. 


Glass  e.    Lateral  edges  replaced  by  iw<f  planes. 

The  primary  and  secondary  forms  of  this  class,  are 
similar  in  character  to  some  of  the  secondary  forms 
of  the  rhomboid ;  and  it  is  only  by  their  respective 
cleavages  that  they  can  be  distinguished  from  each 
other. 


THE  RHOMBOID,  AND 


Primary  form. 


ITS  MODIFICATIONS. 

•  Primary  form.     A  rhomboid. 

It  is  found  convenient  to  designate  the  edges  and 
angles 'of  this  iSgure  as  follows. 

The  angle  at  A  is  the  superior  angle  of  the  plane  P ; 
that  at  O  is  the  inferior  angle ;  those  at  F  are  the 
lateral  angles ;  the  edges  B  are  the  superior  edges ; 
those  at  D  the  inferior  edges. 

The  solid  angle  at  A  may  also  be  called  the  terroi* 
nal  solid  angle,  or  solid  angle  of  the  summit.  The 
edges  B  the  terminal  edges,  or  edges  of  the  summit. 
The  solid  angles  at  E,  the  lateral  solid  angles,  and 
the  edges  D,  the  lateral  edges. 

The  individuals  belonging  to  this  class  are  usually 
distinguished  from  each  other  by  the  inclination  of  P 
on  P'.  When  P  on  P'  measures  more'  than  90%  the 
rhomboid  is  called  obtuse;  when  less,  it  is  called 
acute. 

The  angle  P  on  P',  is  limited  between  180"  and  60% 
but  it  is  obvious  it  can  never  reach  either  of  those 
limits ;  for  the  axis  mast  vanish,  before  the  planes  P 
and  P'  would  reach  180%  or  become  one  plane,  and 
it  must  be  infinite,  before  these  planes  could  incline 
to  each  other  at  an  angle  of  GO"" ;  in  either  of  which 
cases  the  figure  would  cease  to  be  a  rhomboid. 


2c 
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TH£  BHOMBOID,  AND 


Modifications. 
Class  a. 


Class  b. 


Class  c. 
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Modifications. 

Class  a.  Terminal  solid  angles  replaced  by  tangent 

planes. 


Class  b.     Terminal  solid  angles  replaced  by  three 
planes  resting  on  the  primary  planes. 


Class  c.  Terminal  solid  angles  replaced  by  three 
planes  resting  on  the  primary  edges. 

Modifications  by  and  Cy  would  produce  a  series  of 
rhomboids  more  obtuse  than  the  primary. 


2c  2 
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THE  RHOaiBOID,  AND 


Class  d. 


Class  e. 


Class/. 


f  ft 
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Class  d.  Terminal  solid  angles  replaced  by  six 
planes,  producing,  ultimately,  a  series  of  dodeca* 
hedrons  whose  planes  are  generally  scalene  triangles. 


Class  e.  Lateral  solid  angles  replaced  by  single 
planes  parallel  to  the  perpendicular  axis  of  the 
rhomboid. 

Planes  e,  are  the  lateral  planes  of  a  regular  hex- 
agonal prism. 


Class  /.  Lateral  solid  angles  replaced  by  two 
planes,  meeting  at  an  edge  which  is  parallel  to  the 
perpendicular  axis  of  the  rhomboid. 

Planes /represent  the  lateral  plants  of  a  series  of 
dodecahedral  prisms. 


906 


Clas6  g. 


THE  RHOMBOID,  AND 


Class  h. 


Class  /. 
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« 

Class  g.    Lateral  solid  angles  replaced  by  single 
planes  inclining  on  the  superior  edges. 


Class  h.  Lateral  solid  angles  replaced  by  two 
planes,  which  intersect  each  other  at  an  edge  that 
inclines  on  the  superior  edges;  and  which  also  in- 
tersect  the  adjacent  primary  planes  parallel  to  their 
oblique  diagonals. 


Class  i.  Lateral  solid  angles  replaced  by  two 
.planes,  which  like  those  of  class  A,  intersect  each 
other  at  an  edge  that  inclines  on  the  superior  edges, 
but  do  not  intersect  the  adjacent  primary  planes 
parallel  to  their  oblique  diagonals. 
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THE  RHOMBOID,    ANB 


Class  k. 


Class  /. 


Class  »#. 
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Class  k.  Lateral  solid  angles  replaced  by  sihgle 
planes  inclining  on  the  primary  planes. 

Modifications  g*,  and  k^  will  produce  a  series  of 
rhomboids  more  acute  than  the  primary,  except  one 
yarietj  of  class  gy  which  produces  a  rhomboid  similar 
to  the  primary. 


Glass  /•  Lateral  solid  angles  replaced  by  two 
planes,  which  intersect  each  other  at  an  edge  that 
inclines  on  the  primary  planes. 

Modifications  hy  t,  and  k^  lead  to  a  series  of  dode- 
cahedrons whose  planes  are  gejnerally  scalene  tri- 
angles. 


Class  171.  Superior  edges  replaced  by  tangent 
planes.  ... 

Produces  a  rhomboid  more  obtuse  than  tHe  pri« 
mary. 
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GlasB  n.    Svperkn*  edges  replaced  by  two  pUuiSiS. 

A  series  of  dodecahedrons  may  result  firom  this 
nodificailioO)  whose  pbaes  Me  ^Mcrallf  isoeceleB 
Irwgles. 


Class  9,  Lateral  edges  replaced  by  tangent  planes. 
Planes  o  are  #iie  ia^^al  planes  of  a  regular  hex- 
agonal prtsm. 


Glass  p.    Lateral  edges  replaced  by  two  planes. 

From  this  modification  there  resuilts  a  series  of 
dodecahedrons,  whose  planes  are  generally  scalejie 
triangles. 


2»2     ,^       .  ^ 


^ 


SIS  THE   RkOMttdllt;    AND 

.^fke'modifiGiaitkm^  of  the  rKontl^id;  snd  tile  B^oiid- 
<ijif  Agtke^  to  which  tkey  lead, 'are  'generally  dis- 
.'tinguishablefroiiii  those  of  the  pMique' rhombic  priBin. 
But  those  which  mark  the  distinction  with  tbe\great- 
est  certainty,  are  modifications  a,  e,  gj  ky  and  m,  of 
the  rhomboid.   In  the  oblique  rhombic  prism,  modifi- 
cation Cy  corresponding  with  a  on  the  rhomboid,  is 
not  a  tangent  plane  ;  and  modification  e  of  the  prism, 
corresponding  in  position  to  some  of  the  planes  of 
modification  e,  g,  X:,  and  m,  of  the  rhomboid,  afiects 
only  four  solid  angles  of  the  piism'  instead^of  the  six 
'    which  are  siniultaneously  modified  on  the  rhomboid. 

The  three  edges  of  the  rhombic  prism  which  meet 
at  the  solid  angle  A,  are  not  generally  all  modified 
at  the  same  time,  a»  those  of  the  rhomboid  are ;  nor 
are  the  edges  6  and  D  modified  together  as  the  cor- 
responding edges  are  in  class  m  of  the  rhomboid. 

When  the  primary  planes  of  the  rhomboid  are 
effaced,  it  is  frequently  only  by  observing  the  direc- 
tion of  the  natural  joints,  or  cleavage  planes,  that 
we  are  enabled  to  determine  the  classes  of  modifi- 
cation to  which  its  secondary  forms  belong. 

.  .....  « 

Several  of  the  preceding  classes  of  primary  forms 

stand  in  certain  relations  to^ach  othdr,  which  it  has 

not  fallen  within  the  scope  of  the  tables  to  point  out. 

If  we  imagine  the  lateral  edges  of  the  cube  to  be 

.^•-       lengthened  or  shortened,  a  square  prism  would  be 

^       produced.    If  while  the  lateral  edges  are  lengthened, 

or  shortened,    we  conceive    four  parallel   terminal 

edges  to  be  lengthened  or  shortened  also,  but  in  a 

different  ratio  to  the  remaining  edges  of  the  cube  ^ 

from  that  in  whjch  the  lateral  edges  have  been  varied, 

we  shall  then  have  the  right  rectangular  prism. 

It  will  facilitate  our  description  of  the  relation  of 
some,  of  the  primary  forms  to  certain  others,  if  we 


X 
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conceive  the  edges  to  represent  wires,  united  at  the 
solid  angles  by  universal  hinges  or  joints,  and  capable 
of  beiog  moved  in  every  direction ;  and,  together 
with  the  axes,  capable  also  of  being  lengthened  or 
shortened. 

>  If  we'  conceive  one  of  the.  axes  of  thes  cube  to  be 
lengthened,  the  resulting^  figure  wo^ld  be  an  acute 
rhomboid.  If  we  Suppose  the '  axis  shortened  by 
pressing  at  the  same  time  upon  the  two  opposite 
'solid  angles  through  whicih  the  axis'  to  be  shortened 
passes,  an  obtuse  rhomboid  would  be  produced. 

If  two  opposite  lateral  edges  of  the  square  prism 
be  suppose^  to  be  gradually  pressed,  together,  so  as 
to  shorten  one  of  the  diagonals  of  the  terminal  plane, 
-sind  to  lengthen  the  other,  the  resulting  figure  would 
he  a  rigkt  rhombic  prism. 

If  we  now  suppose  pressure  applied  to  an  acute  or 
an  obtuse  solid  angle  of  this  rhombic  prism^  and  the 
-prism  ;tO' be  forced  from  its  perpendicular  in  the 
dire<;tion  of  one  or  other  of  the  diagonals  of  its  ter» 
roinal  plane,  an  obtique  rhombic  prism  would  be  pro- 
duced. 

If  two  opposite  lateral  edges  of  the  right  rectangular 
prism  be  pressed  more  or  less  towards  each  other,  a 
right  oblique-angled  prism  would  be  produced. 

And  if  ihiB  right  oblique-angled prism^  were  slightly 
forced  from  its  perpendicular  position,  in  the  direc- 
tion of  either  of  its  ^gonals,  a  doubly  oblique  prism 
would  result. 

So  if  the  <  vertical  axis  of  the  regular  octahedron 
were  to  be  lengthened  or  shortened^  an  octahedron 
wiih  a  square  base  would  be  produced.  And  if  two 
opposite  angles  of  that  square  base  were  pressed 
together  so  as  to  shorten  one  of  its  diagonals,  and  to 
lengrthen  the  other,  the  resulting  figure  would  be  the 
octahedron  with' a  rhombic  base. 


TABLE  OF  SECONDARY  FORMS. 

r 

It  ma^y  be  obserred  in  jtbe  .preoeding  tM€»  of 
mo)difi(mtMin9)  itb«fc  «i«»y  of  th»  «^C9ada^  fofvm  ^ 
crj^alfi,  lure  sinUar  lo  sone  of  the  ojLaoses  of  itlie  .prii- 
iiiAry.  Aad  it  may  also  be  remarkedy  m  many  »* 
siaacesi  that  the  eecondary  forms  wben  coinpl^tQ,  411* 
the  new  %iure«,  as  tiiey  are  ta-oied,  are  differe^  &om 
All  the  {Nrimary  forms/ 

The  following  table  exhibits  the  relationfi  of  botk 
these  descrifitjoos  of  secondai^  forms  to  the  ^e^rerai 
iclaases  of  the  |>rivnary  from  which  tliey  mghi  be  pro* 
duced ;  and  it  may  thus  be  regarded  as  «  kind  of 
index  to  the  tables  of  modifications. 

TJbfS  first  ooJimia  ew tains  a  list  of  the  secondary 
'formo^  se^erAl  of  which  ave  eichabi^  in  tliair  cqm^ 
plete  state,  er  as  they  would  appeajr  if  they  were 
xKMitaitned  tmthin  tie  modifying  pkmes  onl,^. 

The  second  column  contains  the  references  $0  4he 
•dassoe  of  primary  forai%  a»d  of  modifieatioa^,  from 
wbiob  tiie  ^figures  in  the  first  ccdumin  might  respec- 
tively result* 

A  single  example  will  sufficiently  illustrate  die  use 
of  tte  table. 

If  we  desire  to  know  from  what  primary  forai  a 
right  square  prism  may  be  derived,  we  ftnd  that  it 
may  result  from  its  own  modification  d;  or  froaa  an 
oct^edron  with  a  square  base,  by  the  coacurresce, 
on  one  crystal  of  tkat  form,  of  the  modififiationsNa  and 
e,  or  a  ai^d  n,  when  those  taodifications  efface  the  pri- 
mary planes.  And  if  we  turn  to  those  modifio«liqns 
of  the  octahedron  wi^  a  sqitaore  lia3e,  we  shall  obsenne 
that  modification   a   would  produce   the    terminal 
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pbte^  und  e,  or  «^  tbe  lateral  philes^f  ft  right 
sqmnv  prism. 


Seeottdairjf  forms. 


1.  C0NIAIKI9  WltHIV  rouB 


Tlie  regular  tetrahedron  • 

2.    COHXAINED    WITHIN    SIX 
rLANSS. 


The  cnhe 


The  right  rectangular 
prism  • » ... . 


How  they  may  be  derived. 


From  the  cube.  Mod.  g. 


The  right  square  prism  . . 


From  the  regular  tetrahedron. 
Modification  e. 

regular  octahedron. 

Modification  a. 

rhombic  dodeca- 
hedron.   Modification  a. 

right  square  prism. 

Modification  J.  The  octa- 
hedron with  a  square  base, 
by  a  concurrence  of  Modi- 
fications a  and  e^  or  a  and  fiy 
on  the  same  crystal. 


octahedron  with  a 

rectangular  base,   by  the 
conciin-ence  of  Modifica- 
tions Oy  m,  and  o,  on  the 
same  crystal. 
......  octahedron  with  a 

rhombic  base,  by  the  con* 
currence  of  Modifications 
a,  gy  and  n,  on  the  same 
crystal. 

, right     rhombic 

prism,  if  Modifications  / 
and  k  occur  on  the  same 
crystal,  and  efiace  the  la- 
teral primary  planes. 


•♦ 
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Seiummi[y  forms.  [ 


The  right  rhombic  prism  . 


The  right  oblique-angled 
prism  , 


Howjtkej^m^  he.4efioed*>.  / 

From  the  octahedron  ivith  a 
rectangular  base,  bj  the 
concurrence  of  Modifications 
a  and  e,  or  a.  and/9  or  a 
and  gy  on  the  same  crystal ; 
or  of  b  and  o,  or  n  and  Oj  in 
which  case  o  would  appear 
a  terminal  plane ;  or  of  c 
and  niy  orp.and.m,  appear- 
ing then  as  the  terminal 
plane. 

octahedron/with  a. 

rhombic  base,  by  the  con- 
currence of  Modifications 
a  and  t,  or  a  and  p,  or  a 
and  j^,.on  the  same  crystal ; 
or  of  b  and  91,  or  h  and  fi, 
or  t  and  fi ;  or  of  c  and  gj 
or  o  and  gy  or  o  and  ^ ;  but 
in  these  latter  combina- 
tions, n  and  g  would  ap- 
pear as  terminal  planes*  . 

'    right  rectangular 

prism,  Modification  </;  or 
Modification  6,  or  c,  if  we 
suppose  the  planes  by  or  c, 
to  have  effaced  four  of  the 
primary  planes,  and  .  the 
figure  then  rest  on  the  plane 
M  or  T. 

right  rhombic  prism, 

Modification*  gy  or  t. 


, oblique  rhombic 

prism,  by  the  concurrence 
of  Modifications  h  and  Ar,  on 
the  same  crystal,  and  by 
supposing  the  secondary 
form  to  rest  upon  the  plane 
k.  In  this  position  the 
planes  k  would  appear  as 
the  terminal  planes  of  the 
new  figure,  and  plane  P  as 
one  of  the  lateral  planes. 
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Secondary  forms. 


The  rhomboid 


3.  Contained  withxi^  eight 

PLANES. 


The  regular  octahedron. 


How  they  may  be  derived. 

From  the '  rhomboid,   Modi* 
fication,  by  c,  ^,  ky  or  m. 


The    octahedron    with  -  a 
square  base 


The    octahedron    with   a 
rectangular  base ...... 


The   octahedron   with    a 
rhopsbic  base 


From  the  cube,  Mod.  a. 

........  regular  tetrahedron, 

Modification  a^  when  the 
secondary  planes  first  toucb 
each  other  on' the  edges  of 
the  tetrahedron.  In  this 
state ^of  the  figure,  four  of 
the  octahedral  planes  are 
obviously  the  '  primary 
planes  of  the  tetrahedron. 

rhombic  dodeca- 
hedron, Modification  e. 


octahedron  with  a 

square  base,  Modificatioii 

byCyfyljOTO. 

.......  right  square  prism ]| 

Modification  a  or  c» 


right   rectangular 

prism,  by  the  concarrence 
of  Modifications  b  and  c. 

, the  right  rhombic 

prism,  when  Modification 
a,  or  Gf  is  combined  with 
four  of  the  primary  planes. 


2e 


octahedron  with  a 

rectangular  base,  Modifi^^ 
cation  A,  t,  A,  or  /• 

octahedron  with  a 

rhombic  base,  Mpdification 

OT  Z, 

right    rectangular 

prism,  Modification  a» 

right  rhombic  prism^ 

Modification  b,  d,  or  ^. 
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TABLE  OF  SECONDAftT  VQUU9. 


Secondfir^formi. 
The  hexagonsd  prism 


«>  *  •  • 


4.    Contained  within 
twelte  planes. 

a«  I%e  planes  being  isosceles 
triangles* 

Fig.  289. 


How  the$  may  be  derived. 

From  the  rhomboid^  bj  a 
comblDation  of  Modifica- 
tions a  and  ^,  or  a  juuA  in. 

hexagonal   (urism, 

Modification  d* 

right  rhombic  prism 

of  ISCy,  Modification  A. 


Fig.  2Qa 


From  the  regohtrtetrahedron^ 

Modification  c. 
cube,  Modification 

h. 


From  the    regular   tetrahe- 
dron, Modifipation/. 
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Seconda/ty  formi. 


Fig.  291. 


h.  The  planes  being  scO" 
lene  triangles. 


Fig.  392. 


e«  The  planes  being 

rhombs. 
The   rhombic  dodecah^* 

drofli . .  •  • 


How  they  may  be  derioed. 

From  the  rhomboid,  partii;a* 
lar  planes  of  Modification 
dy  hj  ij  Ij  or  |i. 

hexagonal  prism^ 

Modification  a,  or  c. 


rhomboid,  Modifi< 

cation  c/,  A,  f\  /,  n^  or  p. 


cube,  Modification 


e» 


> regular  tetrahedron, 

particular  Modification |be- 
longidg  to  class  6. 

, regular  octahedron, 

Modification  e. 


2e  2 


9sa 


TABLE  OF.  SECOND ABY.F0EM8. 


Secondary  forms* 


d.  The  planes  being  trO' 
pezoids. 


.  Fig.  393. 


How  they  may  be  derhed. 


From  the  regular  tetrahednm, 
Modification  b  generally. 


e.  The  planes  being  pen- 
tagons. 

Fig.  294. 


5.    Contained  within  six- 
teen TRIANGULAR  PLANES^ 

which  are  generally  sca- 
lene, but  may  be  isosceles 
triangles. 


Fig.  295. 


k. 


cnbe^  Modification 


regular  tetrahedron, 

particular  Modification  be- 
longing to  class  d. 


From'  the  octahedron  with  a 
square  base,  Modification 
-  dy  A,  iy  A;,  or  m. 

right  square  prism^ 

Modification  b* 
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Seoondarif  forms. 


6.  Contained  within  twen- 
ty-four PLANES* 


0.  The  planes  being  isos" 
ceks  triangles. 

Fig.  296. 


Fig.  297. 


*How  they  may  be  derived. 


From  the  cube,  Modification 

/. 
regular  tetrahedroD^ 

Modification  d. 
........  regular  octahedron, 

Modification  c» 
rhombic  dodeeahe* 

dron,  Modification  6. 

cube,  Modification 

c. 

regular  octahedron, 

Modification/. 

rhombic  dodecahe- 
dron, Modification/. 


b.  The  planes  being  equal 
trapezoids. 

Fig.  298.  ' 


.......  cube.  Modification 

b. 

,. .  regular  octahedron, 

Modification  b» 
,•••...  rhombic  dodecahe- 
dron. Modification  c,  gy  or 

2. 


m" 
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Secondary  forms. 

7.  Contained  within  fortt- 
xight  triangular  planes. 

Fig.  299. 


How  ihey  may  he  dertoed. 


From  the  cube,  Modification 

d. 
•  •  regular  octahedroQ^ 

Modification  dL 
• rliombic  dodeca|ie- 

dron,  Modification  d^  A,  or 


Section  XIL. 

ON  THE  APPLICATION  OF  THE  TABLES 

OF  MODIFICATIONS. 

Thb  preceding  tables  of  modificatioaa  are  adapted 
priacipally  to  two  purposes.  The  first  is^  bjr  the  re« 
marks  they  contain  ypon  the  comparatire  characters 
of  the  secondary  forms  belonging  to  the  different 
classes  of  the  primary,  to  assist  the  mineralogist  in 
determining  the  primary  form  of  any  mineral  from  an 
examination  of  its  secondary  forms*  And  the  second 
is  to  enable  him  to  describe  any  secondary  crystal^ 
whose  {primary  form  is  known.  An  attempt  is  thnt 
inade  to  supply  a  language,  by  means  of  which  the 
secondary  forms  of  crystals  may  be  described  inde- 
pendently of  the  theory  of  decrements,  and  without 
the  assistance  of  mathematical  calculation. 

The  remarks  upon  the  comparative  characters  of 
the  secondary  foroui^.mi^  not  howerer  be  sufficient 
to  lead  the  observer  from  the  secondary  to  the  pru 
mary  ftrm  of  a  mineral,  without  the  asay»tance  of  a 
few  general  rules.  ' 

.  And  although  I  cannot  flatter  myself  that  the  sHgfat 
putHne  I  am  about  to-  trace  of  the  metkod  of  readimg 
crystals^  will  enable  a  person  at  once  to  refer  any 
given  secondary  crystal  to  its  primary  form,  it  will 
nevertheless  afford  him  a  useful  clue  to  the  discovery 
oftliat  form. 

The  first  step  in  the  process  of  determining  the 
mineral  species  to  which  any  given  secondary  crystal 
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belongs,  is,  as  we  have  already  seen,  io  determine 
the  class  of  primary  forms  to  which  it  belongs.  And 
if  the  individuals  of  that  class  differ  from  each  other 
in  the  mutual  inclination  of  sppie  of  the  primarjr 
planes,  the  goniometer  must  be  resorted  to  for  deter- 
mining that  inclination  in  the  crystal  we  are  e%' 
appning^ 

It  happens,  l^owever,  not  unfrequently,  that  all  the 
primary  planes  of  a  crystal  are  obliterated,  and  that 
the  secondary  form  consists  of  an  entirely  n^w  figure. 

In  this  case  the  observer  will  encounter  a  difficulty 
in  his  attempt  to  deduce  the  characters  of  the  prif 
mary  form  from  the  secondary  crystal,  unless  the 
secondary  crystal  can  be  referred  to  one  of  those 
entire  secondary  Jbrms  described  in  the  table  of  second* 
ary  forms ;  but  in  any  case  this  difficulty  will  be  in 
some  degree  overcome,  by  a  habit  of  examining  and 
dompaping  crystals  with  each  other,  although  it  pro-^^ 
bably  cannot  be  entirely  removed.  For  if  any  rules 
could  be  given  for  determining  a  primary  forth  from 
the.  inspection  of  a  secondary  form,  on  which  no  trace 
of  the  primary  plane»  remain,  and  where  no  assistance 
is  afforded,  by  cleavage,  they  must  be  too  numerous 
and  complicated  to  be  serviceable  to  the  young 
mineralogist,  for  whose  use  these  pages-  are  princt<t 
pally,  designed* 

In  the  few.rules,^  therefore,  which  I  propose  to  give, 
I  shalLsuppose,  generally^  that  the- secondary  crystal 
which  is  to  be  examined  retains  some  portion  of  the 
patuual  primary  planes,  or  of  cleavage  planes  which 
are  parallel  to  these.n^ 

*  The  planes  of  the  regvflar  tetrahedron,  and  of  all  the  ocuhedrons, 
and  of  the  rhombic  dodecahedron,  may  be  easily  recognised  from  the 
figures  in  the  preceding  tables,  and  they  will  not  therefore  be  par* 
ticularly  noticed  here.  And  the  different  Tarieties  of  octahedrons  are 
distinguishable  from  each  other  by  the  suigles  at  w]^cU  their  sereni 
planes  respectively  meet » 


To  •fis^eftAin.  4b9r  cZqff«  qfi  ffimuvjf  forpii  to  Vihic^- 
each  «6co^idary  crystal  belopgc^  we  sbouM  £r8t  ob* 
secv^  wlie^er  tl^or^  lie  on  ^b^  crj0tal.  aoy  aeries  ,o(^ 
2?^jief  ,aQ^«.  e^|^€^  j£ir€  p^ratH  ^o.f^fih  ^M^^ .  If  wa 
observe  sucb  a  series  of  pl^ne9f/!w$  lboul4  ibaoibplijt 
tbe  erjsta}  ia^siiph  a  jatawer, ,  tbpA  tbe  vStpo*!^  .of 
pofolid  fi^es  raaj  ^  i?(?frfip«4  or  vprigM*  -4n4.#«V<^ 
it  if  in  tkii^m9itiMi  Fo^sbould  observe  wl^tber  tbere 
]i»a  jwx  pb^e  at )  fight,  ^ngf^^  to  ;4be  secies  ,of  v^^f^icai 

QQt  pD  «3r»iiiining  jLb0  seoon^ry^fttimiiof  erj^t^ls^ 

we  «i#y  sotQ^tim^  &[id  tbat  tbere  are  /^ffo  ^efs  qS 
II9ira)lel  e4ges^  f?itl>^i:  qf.wbicb  b^fi|^  beld  ^^|^%ht) 
the  crystal  would  present  a  series  of  vertical  p}«uies« 
W^  AQolfiii^  this  pa^e  endeiirVow.tQ  ae^ertain  fyt^ether 
the  planes  .beJio]i|;ii}g^p  one  set,  ai^e  aot,soi6yfl9iae)tri<9 
^callj  aTra]]g434  ^ith  Kf^f^t  t^  tbpse  9f  tl^  otlper^Yi^ 
t9  P968|9^j^^e;  j^bai-^fiff^r  ff  m^  tbe  iktr^ 

tmaal  edges  of  a  pHfa^Oiy ^rai ;  if  we.^Qd.rtb^ip'SO) 
^p  al|Diild,p«t.  pafe^  <bat  the  y^i^rlii^l  series*.     ■   ; 

.  \  J/thoFC  H  a  ^m^spfvfrt(c(ft,p/anjB8^w4aMri^^ 
plam^  we  ^boujd  observe  whether  ^aay -of  the  vertical 
pjaiies  arf  atjrij^t  9#ftle# ,4o^<i|,c|i,pther,.^nd  wh«thef 
there  be. any  oblique  planes  lying  between  saojie  f^ 
the  v|^rti|jal  pl^n^ S|  and  tj^  Ji^aoptal  pibn^  '  /. ; 

We  should  remark  the  equality,  0|^  ii)#^ualUy}  ^ 
the  angle  at  which  a^y  pf  ,tb#  vertical  oe.p^Ii^ue 
{da^edB.inplia^  on  th|e:aevera]L  a^af  ej^^  j4f^«*9^     ; 

We  should  notice  wh«th^  tbec'^  t>^  ai^  puc^  4y9ir 
4^t^cj4  rarit^nfemeoA  o^f  lA^  vefti^l  {^aiiea,  or  of 
thaobli^^  pls^n^  if  tbefe^ne^y^  as;  would  i^^o^ 

*  .Wlien  tb«  series,  of  planes  with  parallel  «dges  are  held  v«f<M^ 
the  plane  atxight  angles  to  them  witi  of  course  be  korizentat.  Th^ 
kutf  thereftve  belled  ikf  ^trficdJ  attd ^ottKontal  fAanet ;  (dl  ot^jfr  fla»$9 
mOtbt  tmmdtAHpu ;  and  the  edfesof.tbehorbontai  and  T^rtic^lplaxMS, 
,wiU  be  tenDfdi4r«Kfff»/ JUid  v(tf/tftf('«<^.  s 
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US  to  refer  our  crystal  to  any  particular  cla»s  of 
primary  fdrms ;  and  by  comparing  the  characters  we 
thus  observe  with  those  de^rifaled  in  the  tables^  wf| 
shall  probably  discover  the  class  of  primary  fofiois  to 
which  our  crystal  belongs. 

Let  U8  now  suppose  oUr  crystal  to  be  contained  within 
ant/  series  of  vertical  planes^' and  to  be  terminated,  not 
by  a  horixontat  plane,  but  by  a  single  obttqne  plaHe, 
the  crystal  may  then  belong  to  the  class  6(  obliqae 
rhombic  prisms,  doubly  oblique  prisms,  or  rhomboids,. 

If  there  he  Jour  (Clique  planes^  inclining  to  each 
other  at  equal  angles^  the  crystal  may  belotog  to  the 
class  of  square  prisms,  or  of  octahedrons  with  tquaret 
bases.     -  .  •  * 

If  there  be  four  obKque  planes,  each  of  which  in* 
clines  on  two  adjacent  plan^  at  unequal  angles,  the 
crystal  will  probably  belong  t6  tiie'  class  of  right 
rectangular  prisms,  right  rhombic  prisms,  or  octa- 
hedrons with' rectangular  or  rhombic 'bases.  '  '  ^-■'- 

If  the  series  of  vertical  planes  consist  of  6,  9,  10,  or 
some  other  multiple  of  3,  and  if  there  be  a  single  htm-' 
zontal  plane,  th^  crystal  ma]^  belong  to  one  of  the 
classes  of  right  prisms,  rhomboids,  or  hexagoiml 
prisms. 

If  there  should  be  three  oblique  planes,  the  primary 
Ibrm  is  a  rhomboid. 

But  if  tlie  termination  consists  of  six  oblique 
and  equal  planes,  the  crystal  may  belong  to'the  clas^ 
of  rhomboids  or  hexagonal  prisnUB. 

Crystals  not  falling  within  any  of  the  preceding 
descriptions,  may  yet  be  found  to  resemble  some  of 
the  secondary  forms  given  in  the  tables. 

Those  which  belong  to  the  class  of  doubly  pbliqu^ 
pribms,  arjB  sometimes  very  difficult  to  be  upderstood; 
and  the  relation  between  the  primary  and  secondary 
forms  of  this  class,  can  be  learned  Only  by  a  com- 
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{MtijsHii.af  ibe  crystals  them^lves  with  each  other, 
aasisted  by  the  tables  pf  ippdifipations. already  givAi. 

A-omuinslimce,  which  has  not  yet  been  alluded  to, 
.will  alto; frequently  render  it  very  difficult  to  read  a 
crystal*  This  is  the  unequal  extension  of  some  of  its 
parallel  planes.  A  very  remarkable  instance  of  this 
character  prevails  in  copper  pyrites,  and  has  been 
the  occasion  of  the  erroneous  opinions  entertained 
until  very  lately,  respecting  the  primary  form  of  that 
substance* 

In  all  the  works  on  mineralogy,  except, that  bj 
Professor  Mohs,  its  primary  form  is  stated  to  be  a 
regula,r  tetrahedron.  Mohs,  however,  discovert  that 
its  form  was  an  octahedron  with  a  square  base.  The 
two  following  figures,  for  the  drawings  of  which, 
jBOBidb  from  crystals  in,  his  own  po8se9si90, 1  am  obliged 
to  Mr^  W.  Phillips,  exhibit  crystal9  containing  equal 
numbers  of  similar  planes;  fig.  300  having  these  planes 
regularly  placed  on  the  primary  form^  and  fig.  301 
representing  the  same  crystal  as  it  frequently  occurs 
in  nature^  with  some  of  its  planes  conriderably  enlarged. 

The  same  letters,  are  pla^  on  the  corresponding 
planes  of  each. 

Fig.  300.  Fig.  301. 


Mr.  Phillips  had  discovered  from  the  cleavage  of 
this  substance,  before  the  publication  of  Professor 
Mohs's  book,  that  its  primary  form  wi^s  not  a  tetra-* 

2Fg 


9tA  ok  vttt  AtV6ttAti0ll^  «^  t ftE 

Idsophy,  new  series,  vol.  8,  p.  297-  » 

'When  crystals  ^  this  ifregttlar  eharact^  oecur,  it 

is  g^enerally,  only  by  eleayage,  and  |>y  using;  the 

genibin^er,  that  we  ean  bi&led  to  an  a^eiRate- d^ler- 

minatiofi  of  their  trne  feitni. 

f    '  '  '  •  • 

flaring^  ^tseertain^d  the  tlasi  of  pthnnry  forms  io 
#htch  oof  supposed  efjstal  belongs,  onr  next  step 
would  be  to  measure  the  angles  of  its  primary  ot^ 
ifecondaryipldiiesy.  in  order  to  determine  the  species 
to  wiHcb-the  mineral  its^f  belongs. 
'  tf  the  crystal  belongs  to  one  of  the  ^6r  r6>^ii^ 
:ro^kfe,- whose  angles,  wben  the  forms  are  similar,  are 
always  equal,  its  hardness^  or  specific  glnevfty,  or  sook^ 
otter  character,  wilt  tke  most  readlily  leatt^to  a  dl^ 
Ife^aiinatioaof  its  mineral  species. 

But  it  may  happen  4bat  the  secondary  crystal  w& 
are  examinil^g^  may  be  referreil  with  equal  propriety 
to  either  of  thi&  two,  et  more,  ^kmtfi  of  primary  feitesL 
tf  wo  turn  to  the  daodificationts  of  the  octahedron 
With  Bf  9quar€  base^  cind  fo^thos^  of  the  square  prism^ 
and  imagine  the  modifying  planes  of  the  ^uatoprisni: 
much  enlaigecl,  we  shall  observe  audi  a  Tf  semblance 
between  them,  that  either  form  may  be  taken  as  tke 
primary,  in'* reference  to  the  secondary  fotms  of  both. 
The  same  remark  will  apply  to  the  octal^edron  witk 
a  rectangular  or  a  rhombic  base,  and  the  r^bt  reet-^ 
angular,  or  rhombic  prism. 

In  these  cases  it  has  been  usual  to  adopt  that  as* 
the  primary  form  which  is  develope4  by  cleavage^ 
But  if  there  be  no  practicable  cleavage,  or  if  there 
be  two  sets  of  cleavages,  parallel  to  the  planes  of 
two  primary  forms,  we  are  then  At  liberty,  aslt  has 
been  already  stated,  to.  adopt  either  of  these,  a»d 


oof'^kMoe  ##i]M  pr6%abl^^  file  or  Uniit  vAidk  wik 
teest  predominant  amoii^  the  seooti Jaiy  ferm««        . » 
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if  ft  erystal  is  to  be  descriiedhy  tbe  aftiMnnde  of  Hm 
pvefi^eding  tables^  we  must  fiitppoae  4he  primary  finte 
to  he  known t  tlit»milst  be  iSrst  described  according; 
to  its  ektsSj  and  if  ilecessary  by  its  angles  abd« 

lis  modifications^  if  they  nte  stngk^y.maytbeti'be 
deleted  by  the  letters  under  which  they  are  arranged 
in  the  tables.  Bntfas  eack  of  the  classes  ofmodifieations^ 
except  those  which  consist  of  tangent  planes^  compre* 
hends  an  almost  unlimited  number  of  in^vidual  modi^ 
fying  planes,  difft^ngfrom  eqch  other  in  the  angles  at 
which  they  respecthely  incline  on  the  primary  planes j  it 
becomes  necessafy  to  add  to  the  tabular  letter  wlMch 
ejcpresses  the  modification,  the  value  of  the  aiigles  at 
which  the  plane  we  have  obfeierved  inclines  on  the 
ad|acent  primary  planes,  v  . 
"  VFe  have  Already  seen  that  nfodifieaHdn  a  of  the 
tij^ht  rectangular  prism;  comprehends  a  considerable 
namber  of  planes  varying  in  theii*  relative  inclinations 
^Ak'^^  My  and  T.  tiet  us  suppose  the  crystal  we  are 
^jeamiiiing,  to  beloiig  to  the  class  of  right  rectangulai* 
pl-isms,  and  Id  be  modified  by  a  planer  ay  and  let  the 
in<3tnation  of  the  pla^e  we  have  observed,  on  P,  M^ 
mad  T,  be  call^  m*^  fi*j  ando%  these  letters  signifying 
Miynuniberof  degife^»and  minutes  whatsoever. 

A  ci^stal  eotttafmng  the  primary  planes  of  the 
ri^bt  #ectangula(>'^ri^iny  and  H  set  of  planes  belong* 
iD^  to  miodification  a  might  then  be  thus  descHfoed.  > 
•  ^  Rigfht  rectangular  prism^  Modification  a,  m**  on  F.^ 

■  ^        '         •    -  '  •       •:     »•  — M.: 

>  -.      •    .  •  

©•  —T. 
"The  character  of  the  plane  being  thus  establiished; 
We  may  in  foture^  in  order  to  avoid  the  repetition  of 
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the  meailareiiieiits,  describe  the  plane  as  Modi^Ufn 
ii,  plane  1>  and  it  may  be  marked  in  the  figure  of  tj||^ 
ciystal  as  a  1. 

Let  us  now  suppose  we  find  on  another  cxyntalj 
another  plane  mddifying  the  same  solid  anfte^  and 
inclining  on  P,'  M,  andT^  &t.jp%  q%  an^  r%  and,a> 
third  plane,  also  modif]^ng  the  same\solid  ai|gle,  and 
inclining,  on  P,  M,  apd  T,  at«%  VyV%  weshp^d^cte- 
scribe  these  pkmes  as  we  did  the  first^  by 
Modification  a,  jf  on  P  > 

}•  —  M  Vplane  Si. 
r-  —  T  J 
Modification  ay  «•'  —  P  -^ 

r  —  M  >plane  3. 
«•  -^  T  J 
And  hafing  thiis  recorded  the  character  of  the  planesf^ 
We  may  in  fixture  describe  them  as 
Modification  a2,    ^ 
Modification  a  3.    . 
This  method  of  description  maiy  be  applied,  whe- 
ther the  three  planes  have  occurred  on  thel  same 
crystal,  or  on  different  cr}'Sfals. 

The  inclination  of  the  modifying  plane  on  too  of 
the  primary  planes,  is  generally  sufficient,  when  a 
solid  angle  is  modified,  for  determining  tl|e  law  of 
decrement;  but  the  third  inclination  serves  as  m 
check  upon  the  accuracy  of  the^ther  two. 

If  the  edge  of  any  prism  be  modified  by  one  or 
more  planes,  it  will  be  sufficient  to  give  the  incli- 
nation of  each  plane,  on  either  of  the  primary  planes^ 
'where  the  inclination  of  the  primary  planes  to  each 
other  is  known,  as  the  inclination  on  the  other  pri- 
mary plane  may  be  readily  ascertained.  But  when 
an  edge  is  modified,  of  any  crystal  whose  adjacent 
primary  planes  do  not  meet  at  a  right  angle,  and 
when  their  mutual  inclination  is  unknown,  the  in« 
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clination  of  the  modifying  plane  on  both  tbe  primanjr 
should  be  given. 

This  method  of  description  may  be  readily  extended 
to  all  th^  clatises  of  primary  forms ;  and  idthough  it 
pay  soQietimes  be<  rather  tedious  jn  its  application,  it 
Ivill  convey  an  accurate  description  of  the  planes  to 
which  it  is  applied. 

It  may  frequently  happen  that  we  are  examining  a 
crystal  whose  prio^ary  form  is  unknown  to  us,  and 
whose  secondary  planes  do  not  enable  us  to  deter- 
mine that  form;  we  can  in  such  case  describe  the 
crystal  only  by  giving  a  drairipg  of  it,  accompanied 
by  the  incliufttions  oHts  several  planes  to  each  other* 

It  will  perhaps  be  found  convenient,  where  it  can 
be  done,  to  number  the  observed  planes,  belonging 
to  each  class  of  modifications,  in  some  certain  order; 
when  there  is  a  series  of  secondary  planes  whose 
edges  are  parallel,  that  plane  may  bie  denoted  by 
No.  1,  which  forms  the  most  obtuse  angle  with  thq 
primary  plane  to  which  the  series  may  be  referred.  ' 


* 


Section  XIV. 

:  ON  THE  USE  OF  SYMBOIi^  FOB 
D£SCBiBIN6  THE  SECONDARY  FOIiLMS 

OF  CRYSTALS. 


In  Section  11^  p.  IDS^  it  lyas*  stated  diat  certain 
letters  bad  ))een  iippropriated  hy  the  A1)b^  Haiiy,  as 
.symbolsi  to  designate  tbe  similar  and  dissimilar  edj|;es, 
japgles,  and  planes  of  each  of  the  classes  of  primarj^ 
^Tornis..  And  in  the  tables  of  modifications^  these  let- 
Wa  are  plap'ed  oi}  the  figures  of  the  primary  fprms^ 
,to  ^cnote  in  each  its  similar^  and  dissimilar,  (edges, 
angles,  and  planes^ 

The  order  in  if  hich  they  are  placed  op  the  figures 
is  obviously  fhat  of  the  alphabet ;  and  they  are  ar? 
ranged  also  according  to  the  ordinary  method  of 
writing,  beginning  at  the  upper  part  of  the  Qgure^ 
and  then  proceeding  fropn  left  to  right  until  the  seve* 
ral  parts  of  the  crystal  are  marked  by  the  appro|)f iate 
letters.  j|l. 

This  will  be  very  appfirent,  if  we  refer  to  the  pri- 
mary foirm  of  the  doubly  oblique  prism* 

The  letters  P  M  T  are  retained  to  designate  the 
primary  planes  of  crystals,  although  the  term  primi- 
tive, from  which  those  letters  were  derived,  is  not 
used  in  this  treatise* 

The  letter  A  is,  by  the  Abbe  Haiiy,  placed,  gene- 
rally, on  an  obtuse  angle  of  the  primary  form ;  but 
according  to  the  positions  in  which  the  primarj  forms 
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are  drawn  in  the  preceding  tables,  the  letter  A  will 
not  necessarily  stand  on  an  obtnse  angle,  excepting 
on  the  rhombio  dodecahedron,  the  right  rhombic,  the 
right  oblique-angled,  and  the  hexagonal  prisms. 

The  edges  and  angles  of  that  terminal  plane  of  the 
prism,^  on  which  the  figures  appear  to  rest^  and  the 
edges  and  planes  which  constitute  the  back  of  the  figures  j 
are  supposed  to  be  denoted  by  a  series  of  small  letters^ 
corresponding  with  the  capitals,  by  which  the  diametri" 
colly  opposite  edges,  angles,  and  planes,  exhibited  in 
ihef¥ont  of  the  figure,  are  designated. 

The  representation  of  the  secondary  forms  of  crys- 
tals by  means  of  these  symbols,  is  effected  by  annex- 
ing numbers,  expressive  of  the  particular  laws  of 
decrement  by  which  the  secondary  planes  are  con- 
ceived to  have  been  respectively  produced,  to  the 
letters  Which  denote  the  edges  or  angles  on  which 
the  decrements  have  taken  place. 

^ese  numbets  will  be  termed  the  indices  of  the 
secondary  planes,  and  will  generally/  be  represented  hy 
the  letters  p  q  r  s.  '     ^ 

Before  we  proceed,  however,  to  explain  the  man- 
lier in  which  these  symbols  may  be  applied  to  the 
repr^entation  of  the  secondary  forms  of  crysials,  we 
shall  for  a  moment  consider  the  theory  of  decrements 
more  particularly  in  reference  to  the  desciriptive  cha- 
lucter  it  affords. 

As  this  character  is  to  be  regarded  as  little  else 
titan  a  symbol,  indicating  the  change  of  figure  which 
the  primary  form  has  undergone,  if  there  be  two  laws 
6f  decrement  which  will  equally  well  express  this 
change  of  figure,  we  are  obviously  at  liberty  to  adopt 
either  law,  as  the  generator  of  the  new  plane  by* 
which  the  figure  of  the  primary  form  is  altered ;  but  it 
will  be  found  convenient  to  be  guided  by  sofne  rule 
in  our  choice. 

go 
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If,  for  example,  we  find  a  secondary  plane,  siich  as 
nby  fig.  303,  on  tbe  terminal  edge  of  any  prism,  pro- 
duced by  the  abstraction  of  three  rows  of  molecules 
in  the  direction  of  the  lateral  edges,  and  of  one  raw  in 
the  direction  of  the  terminal  edges,  such  4  pl^iie 
might  be  conceived  to  be  produced  by.  a  decrem^t 
proceeding  along  the  plane  ..a  c,.  consisting  of  thr^e 
molecules  in  height  and  one  in  breadth^  or  of  thr^e 
molecules  in  breadth,  if  we  suppose  it  to  proceed  ^pag 
the  planes  b  d;  and  the  symbol  denoting  either  of 
these  decrements,  might  therefore  with  equajl^prp-* 
jigriety  be  used  to, describe  the  new  plane ;  and  it 
ijrould  be  indifferent,  as.  far  as  the  descriptive  chara^c- 
ter  of  the  symbol  is  regarded,  lyhich  ^qf  th(^  two  yife 
should  adopt. 

The  rule  which  it  will  be  piore  coavonient  tp,|bl- 
low,  is^  to  suppose  all  planes  on  the  temi,inal  edgj^s  of. 
prismfi^  to  , be  ;  produced,  by^^deer^ment^  prpceeduig 
along  the.  .terminal:  plaqe^.i  and  th:^  plaaes  rep^a^fpg^ 
tne, lateral. ed^es  of  prisons,  and  the  .edges  of  all  tjde 
other  classes  of  primfiry  fom^^  n^fty  be  conceived  to 
result  from  decrements  proceeding  f^lqpg  those  pls^n^ 
in  the  dir^ection  of  which  the  g^eatetst  numbier  of 
molecules  appear  to  have  ,(>een  abstracted*  And  any 
intermediary  decre^nenit  may  be  conceived  to  proc^d 
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along  that  plane  in  the  directions  of  whose  edges  the 
greatest  number  of  molecules  have  been  abstracted. 

It  may  not  be  useless  to  remark,  that  when  two  or 
more  planes  replace  the  solid  angle  of  a  crystal^  if 
an  edge  at  which  the  secondary  planes  intersect  eiich 
other  be  parallel  to  the  edge  at  which  one  of  them 
intersects  the  primary  plane,  they  will  generally  both 
result  from  simple  or  mixed  decrements. 

Intermediary  decrements  however  sometimes  pro- 
duce a  series  of  planes  who8e  intersecting  edges  are 
parallel  to  each  other,  and  when  this  happens,  the 
symbols  of  those  planes  will  have  two  of  their  corre- 
sponding indices  in  the  same  ratio  to  each  other. 

The  edges  of  such  secondary  planes  as  replace  the 
edges  of  crystals,  and  which  result  from  simple  or 
mixed  decrements,  are  always  parallel. 

From  what  has  been  already  stated  it  will  appear, 
that  if  we  are  about  to  describe  h  secondary  crystal, 
belonging  to  any  species  of  mineral  whose  primary 
form  is  known,  and  upon  several  of  whose  edges,  or 
angles,  similar  decrements  have  produced  similar 
planes,  it  will  be  sufficient,  generally^  to  describe  one 
only  of  the  new  planes,  produced  upon  one  of  those 
edges  or  angles. 

And  if'two  or  more  laws  of  decrement  have  con- 
curred in  the  production  of  any  secondary  crystal,  we 
should  be  required,  generally^  to  describe  only  one 
of  the  planes  produced  by  each  particular  law.  For 
the  change  of  figure  which  any  primary  form  has 
undergone  would  be,  generally,  thus  indicated.  And 
in  drawing  the  crystal  we  might  construct  planes, 
similar  to  those  which  are  described,  upon  all  its 
similar  edges  or  angles. 

2g2 
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■  As  it  soinetinies,  howeyer,  occurs  thtft  all  the  simi* 
]ar  edgc!8.  or  angles,  of  crystals  are  not  similarly 
modified^  it  will  not  be  sufficient  in  all  cases  to  indi- 
cate the'  decrement  which  has  taken  place  on  one 
edge  or  angle,  but  our  representative  symbol  should 
also  indicate  the  absence  of  the  modifying  plane  from 
som0  other  edge  or  angle,  where  according  to  the 
law  of  symmetry,  it  might  be  expected  to  appear. 

This  necessity  of  distinguishing  the  symmetrical 
modifications  of  crystpls,  from  those  which  are  not 
80>.  will  render  tlie  symbols  rather  more  conbplicated 
than  they  would  be  otherwise. 

The  new  theory  of  molecules  which  has  been  in- 
troduced into  this  treatise,  will  render  it  necessary  to 
Tary  the  character  of  some  of  the  symbols  employed 
by  the  Abb6  Haiiy  in  reference  to  the  tetrahedron,  to 
all  the  classes  of  octahedrons,  and  to  the  rhombic 
dodecahedron ;  and  as  these  changes  will  occasion 
some  other  slight  deviattor^  from  bis  system  of  no- 
tation, it  will  conduce  to  perspicuity  if  we  consider 
the  application  of  the  symbols  to  each  of  this  class^^ 
of  the  primary  forms  separately.  This  will  be  done 
in  a  table  subjoined  to  this  section,  wb^re  the  ord^D 
of  the  primary  forms  will  correspond  with  that 
adopted  in  the  tables  of  modifications. 

The  general  nature  pf  this  system  ^f  notwlioti  will 
be  best  illustrated  by  its  applicatloit  to  one  ef  the 
least  regular  of  the.  primary  ft^rm^* 

Let  us  suppose  that  we  are  about  to  represent  « 
secondary  crystal  i^elonging  to  the  class  of  do^ly 
oblique  prisms,  nccording  to  the  theory  of  deetue-* 
ments,  and  by  means  of  the  syidbolic  lettei^s  already- 
alluded  to,  the  primary  form  being  known,  and  the 
law  of  decrement  by  which  the  secondary  plane  has 
been  produced,  having  been  also  ascertained. 
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The  crygtikl  is  supposed  to  be  iitsld  with  t)iQ  plane 
marked  P,  horizontal,  and  with  that  edge  or  .ang^le 
nearest  to  the  eye  on  which  the  decrement  we  are 
about  to  describe  has  taken  place. 

;Let  us  suppose  this  crystal  to  be  modified  by  an 
Hidividual  plane,  belonging  to  the  series  of  modifi- 
cations of  that  figure  comprehended  under  class  b. 

The  planes  belonging  to  this  class  of  modifications, 
mjay  incline  more  or  less  on  either  of  the  adjacent 
primary  planes,  and  may  result  from  a  decrement  on 
either  of  the  adjacent  plane,  ingles  which  constitute 
the  solid  angle  on  which  O  is  placed. 

.  If  t|ie  modifying  plane  be  produced  by  a  simple  or 
mixed  .decrement,  beginning  at  the  angle  O,  and 
jp^rqcciediqg  along  the  terminal  plane,  consisting  of 
cHpe  row  of  single  molecules,  it  should  be  expressed 

•thus,  O,  and  be  read,  one  over  O,  signifying  that  the 
abstraction  of  molecules  from  the  superimposed  plates 
t€M>k  place  above,  or  receding  from  O,  in  the  direction 
O  A.  'If  the  decrement  be  simple,  and  by  two  rows 
of  molecules  in  breadth,  it  would  be  expressed  hy 

O,  and  if  it  be  a  mixed  decrement  by  three  rows  in 

breath  and  two  in  height,  it  would  be  denoted  by  O, 
and  so  of  any  other  decrement  acting  in  that  di* 
rection. 

If  the  modifying  plane  be  occasioned  by  a  simple 
or  mixed  decrement,  beginning  at  the  angle  of  the 
plane  M"  adjacent  to  O,  and  proceeding  along  the 
plane  M,  by  p  rows  of  molecules,  p  signij^ing  any 
whole  number  or  fraction^  it  would  be  denoted  by 
^O^  and  be  read  p  on  the  left  of  O. 

If  the  new  plane  were  produced  by  a  simple  pr 
mixed  decrement  by  p  rows  on  the  angle  of  the  plane 
T,  adjacent  to  O^  and  proceeding  along  that  plane,  it 
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#bUld  be  detf oCed  1)y  O  ^,  and  l»e  read  p  'on  Ae  l^ght 
ofO. 

In«it1ier  of  the  preceding  cases,  t&e  intersection  of 
the  new  plane  with  the  primary  plane  along  which 
the  decrement  is  conceived  to  proceed,  will,  a^s  we 
bavealready  seen,  be  parallel  to  the  diagonal  of  thtft 
plane. 

Uet  OS  now  suppose  an  intermediary  decrement  to 
have  taken^  place  on  the>  angle  O,  of  such  a  nature, 
that  the  Hias6>of  molecule^  abstracted  should  belong 
to  a  double  plate,  or  be  tii^o  molecules  in  height,  ol; 
as  it  might  be  otherwise  expressed,  S  molecules  in 
<the  direction  of  the  edge  H,  3  in  the  direction  of  the 
edge  D,  and  4  in  the  direction  of  the  edge  F. 
<^  The*  appropriate  symbol  to  denote  sU6h  a  decre- 
'ntent,  ought  obviously  to  represent  this  threeftdd 
^character;  which  it  does  by  combining  the  indices 
expressive  of  the  particular.law  of  decrement,  with 
jthe  letters  which  represent  the  edges  and  angles  af- 
fected by  it,  in.  this  manner,  (DS  H2  F4).  This 
sjmbol  is  placed  in  a  parenthesis  to  distinguish  it 
from  a  combination  of  three  simple  or  ratixed  decre- 
ments,  and  it  would  be  read  thus,  3  on  the  edge  D, 
gon  the  edge  B,  4  on  the  edge  F.*  r  .'         : 

.'  Jf^  inptead  of  the  angl^  marked  by,  Q,  ^w#  oow 
imagine  the  solid  angle  on  which  A  is  placed  tob^ 
otodified  simlarly  to  that  denoted  by  O ;  before  we 
di^^Cfibe  the  u^o^ifieations  of  A,  the  cry^$jtal  is  con- 
aeived.to  be  tur^^d  ,rouad|  until  theai)gie>  da  whkh 

. .  ♦  This Tfio^e  of  represeijting  int^rmpditiry^^i'^xiienu  diflFers  from  that 
adopted  by  the  Abbe  Haiiy,  in  r^ferrinjg^  the  decrement  to  the  adjacent 
edg^e«;  whereas  he  refers  them  to  two  edges  ahd  the  angle  they  include. 
]|(^  tile  f6Fm  of  the  symbol  here  given  wHI  best  accord  wHh  the  results 
«^|«it^ll7;tV«  methods  of  >ajculati|ig';tlie  laws  of  d^rement^t  which 

>fjil  J^f  giypi*  jtt  Uie.i^jp^dix.    ^  •.    .. 


Ah^stceA  isvtf9are8t:tjO.tJb!0  eyes;.  of'Stee  may  Ke.  Mip*'r 
posed  to  pa8s,ri>!Aud  the  crysital,  i]iitil:We  pl^e  aur-*. 
selves  opposite  the  angle  at  A  ;  ^nd  whife  the  eye  an4' 
tbat  angle  are  in  these  relative  positions^  we  8hot|],d 
proceed  to  describe  the  new  planes,  as  we  did  those 
on  the  solid  angle  £^t  Q. 

If  two  or  more  planes,  resulting  from  simple  or 
mixed  decrements,  are  found  modifying  the  same 
sirfid  angle  of  any  crystal,  the  symbols  representing 
thetB  are' t^  be  placed  immediately  following  each* 
otber.  Thus  if  the  three  planes  we  have  supposed  on 
the  angle  O,  should  occur  on  the  same  crystal,  its 
cbange  of  figure  would  be  thus  represented^ 

TJbese,  symbols  not  being  placed  in  a  parenthesis,  an^ 
understood  to  represent  three  separate  planes.  ^ 

If  three  intermediary  decrements  shauld  occur  on 
the. same  solid  angle,  their  symbola  would^.also 'be» 
placed  follpwiug  each  other,  thus, 

«      (D3  H2  F4)(D1  H3  F2)  (D4  HI  F3). 

'Ifere\  each  of  (he  three  sets  of  character's  being    ^ 
included  within- a  separate  parenthesis^  three  varieties 
of  intermediary  dectetnent  are  implied/  and  as  they 
siwd  Mifigt^j  U  is  implied  ikxA  they  Are  independent  of 
«mA<ia(Aer;  .and  they  are-.evidentfy  priniueed  by  difi 
Jerent  laws  of  decrement.  '     > 


.  < }  "  .        •  •  '    ■  • ' ' 


h.ljet  us  aow- suppose  we  are  about  to  describe  af 
4ecreipient  oaa  a  .terminal  ^ge  of  a  doubly  oblique 
ptfsm.  .The  prism  is  again  supposed  to  be  placed  or 
held  with  that  .edge  nearest  to  us,  the  plane  P  con- 
timiing  liorison^al. 

.  i  And  .fiitst  let .  U9  slippMe  la  tevmiiml  edge  ^P  to  be 
replaced  ^^  plan^  resalting'  from  adeerement  )iy  j^ 
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rovr»  of  moleciiteB  proceeding  along  the  pikne  P ;  p} 
meanings  as  before,  any  whole  nuwA^r  aryraciion.^ 

The  symbol  to  denote  this  decrement,  would  be  F, 

and  be  read  as  before,  p  over  P. 

If  the  decrement  be  supposed  to  have  proceeded 

along  the  plane  T  by  three  rows  of  molecules,  as  in 

figure  303,  the  general  symbol  used  to  represent  the 

p 
new  plane  would  still  be  F,  but  p  would  in  this  c4l9 . 

represent  the  fraction  7,  and  the  particular  symbc^^ 

T 

would  be  F. 

If  we  suppose  p  to  be  a  fraction^  it  is  evident  from 
what  has  been  already  stated^  that  the  numerator  of  that 
fraction  may  be  either  greater  or  less  than  the  denomi' 
mUor,  according  as  the  decrement  in  breadth  exceeds  or 
falls  short  of  that  in  heights  ' 

If  either  of  the  other  terminaV  edges  be  modified, 
the  modified  edge  is  supposed  to  be  the  nearest  to 
the  eye,  when  the  modifying  plane  is  described. 

Tl^is  cbange  of  position  ttiust  be  understood  to 

take  place  in  every  instance  where  the  position  of 

the  modified  edge  or  angle  requires  it*. 

If  two  dissimilar  planer  occur  on  the  same  termimUL 

^  P 
edf^  of  a  crystal,  the  ijBiibol  is  vepeat^d  thus  F  F, 

which  expveaaes  the  cofexiatenoe  of  Ihevtwo  pbaes^  on 

one  edge. 

If  the  lateral  edge  H  of  a  doubly  oblique  prism  be 

modified,  and  if  it  has  been  fottod  that  tlva  decrdm^nt 

producing  it  )m»  proceecisd  along  die.pkuid  M,  \ff  p 

rows  of  molecules,  its  characteristic  symbol  would  h^ 

^Hf,a^i  it  would  be.readj?  on  the  left  of  H. 

.  If  the  decrement  appears  to  have  proceeded  alMg 

the  plafie  T  by  p  iwwa  of  molecules,  its  £^ilibol  would 

l^  H^,  or  191  ou' the  right  of  H;  p  bting  oither  a 


frhote  mmber  or  ftMHon^  esfpttettiive  of  Ae  fmiiieu- 
lar  iaiir  of  decrement, '  in  redfereneer  to  eitch  plane 
rdi^peelively,  as  it  is  8cq[>po8ed  to  iMiTe  been  ascer- 
tained by  calculation. 

If  tbe  two  planes  occur  on  the  same  crystal,  they 
would  be  denoted  by  Ae  two  syinbolk.  being  used  to- 
gether, thus,  ^H  H^ 

If  it  should  be*  required  to  describe  any  decrement 
a^tf]^  Hpon  an  edge  op  angle  of  the  Ibwer  plane  of 
the  crystal,  upon  which  tlie  small  letters'  are  supposed 
to  be  placed,  the  crystal  is  imagitied  to  be  turned 
with*  that  plane  upwards,  the  edge  or  angle' on  which 
the  decrement  has  taken  place  is  to  be  brought  the 
nearest  to  the  eyfe,  and  we  are  then  to  describe  the 
plane  or  planes  in  the  manner  already  directed^  only 
using  ibe  small  letter,  instead  of  the  capital,  to  indi- 
cate ttie  edge  or  angle  which'  i»  modified.  And  if  it 
should  be  necessary  to  describe  a  decrement  upon 
the  back  planes  of  the*  crystal,  we  Are  supposed  to 
pass  round  it,  and  to  substitute  small'l^tters  in  tfae( 
symbor  ibr  the  captttils  if  hich  designate  tlie'c6r' 
responding  front  planes. 

Tte  preceding  esqplanatioiiiB  .will' render  soflkieirtlf 
intelligible  the  •  general  Jilidthad  of  rqpMaeRttng'  tfaer 
secondary  planes  of  crystals  by  means  of  symbolic 
dianMt^rs.  Before  we  proceed,  beweewr,  tt»  ^nfply 
tkis^iMtbod  lo  the  diflimnt  4:188609- of  primary  Ksitai^ 
it  will  ber>M«es8ary  to  sepuMte  the  lecoiiriliry  foraiat 
of  the  crystals  to  be  represented  uitso  three  ^tint&ftt^ 
classes^  " 


1.  Those  wbithr  are  sit\My$jfmnietfiealf  ens  iMdifiu 
cotion  Oy  b,  c^  d;  e,  or  ^^  of  the  eube^  wlier#< 
similar  decrements  take  place  en  similair  edges 
or  angles,  and  proceed  aloi^  similar  planes^ 

3h 


tta  oN.tHB  tnn  OF  flirniioiit* 

2«  Xh^MC  w}^kh  av6  partially  m^tfied^  iwr  im  Wh'rtii 
the  s^me  modification  does  not  occur  on  ill 
the  similar  edges  or  angles ;  as  in  modiicatioft 
g",  A,  f,  A,  of  the  cube. 

These  may  be  termed  de/n^ive  modifieaiUms^ 
and  they  may  be  again  sabdivided  into  two 
portions, 
a.  Those  in  which  an  edge  or  angle  is  replaee'd 
by  only  half  the  number  of  planes  which  the 
law  of  symmetry  would  require* 
h.  Those  in  which  only  one  of  two  similar  ec^^es 
or  angles  is  modified,  while  the  other  reaiaini^ 
entire* 
S.  Those  in  which  two  or  more  similar  edges  or 
angles  are  afiected  by  differ  eni  lams  ofdecremefd^ 
.  And  the  symbols^  to  be  perfect^  oug^t  to  represent 
each  of  these  divisions;  clearly  and  perspicuously. 

i 

In  the  table  subjoined  to  this  section,  which  will 
point  out  the  relation  of  the  theory  of  decrements  to 
the  different  classes  of  modifications,  the  various 
modes  of  adopting  the  symbols  to  particular  cases  will 
be  fully  explained.  Whence  it  will  not  be  necessary 
h^re  to  give  more  than  an  outline  of  the  general 
principle  which  will  regulate  'their  application. 

To  represent  the  secondary  forms  belonging  to  the 
first  of  these  divisions,  it  may  not  appear '  strictly 
necessary  to  do  more  than  indicate  the  character  of  a 
Anf^e  plane  belonging  to  any  set  of  similar  planes 
occurring  upon  the  same  crystal ;  but  it  may  tend  to 
prevent  ambiguity  if  we  construct  our  symbol  so  as 
to  indicate  that  the  secondary  plaki^s  occur  'sym- 
metrically on  certain  edges  or  angles  of  the  crystal. 

We  may  here  remark,  that  the  sets  of  planes  which, 
in  the  tables  of  modifications,  replace  th^  solid  angles 
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df  tkeetibe,  tetrahedron,  and  rhomboid,  and  resty  as 
it  18  said,  upon  the  planes  of  those  primary  forms,  arj^' 
diathiguished  from  those  which  are  said  to  rest  upon 
their  edges*  But  in  reference  to  the  theory  of  decre- 
ments, both  these  sets  of  planes  are  similar  in  character j 
and  result  from  simple  or  mixed  decrements  on  an  angl^ 
of  the  primart/  form. 

The  planes  which  are  said  to  rest  upon  the  primary/ 
planes,  are  produced  by  decrements  in  which  the: 
number  of  molecules  abstracted  in  breadth,  is  greater 
than  the  number  in  height,  while  those  which  are  said 
to  rest  up<Hi  the  edges,  result  from  decrements  where- 
in the  number  in  height,  exceeds  the  number  in  breadth. 
The  numbers  or  fractions  expressing  the^r^i  of  these 
sets  will  be  always  greater  than  unity,  as  9,  S^  4, 4,  f  , 
ftc ;  those  expressive  of  the  latter  set,  will  be  alf 
ways  less  than  unity,  as  i,  ^,  i,  &c. ;  and  the  planes: 
in  this  latter  case  are  conceiyed  to  be  carried,  as  it 
were,  over  the  solid  angle,  and  made  to  replace  n 
fhor^ion  of  the  a4J8cent  edge. 

The  Cube. 
Fig.  303, 
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Let  us  now  suppose  a  cubic  crystal,  modified  on 
the  angles  by  three  planes  belonging  to  class  h  of  the 
modifications  of  that  form ;  and  let  us  suppose  that 
the  modifying  planes  result  from  a  decrement  by  two 
rows  in  breadth  on  the  angles  of  the  cube.  The  sym** 

bol  denoting  these  planes  would  be  ""A",  and  if  this 
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l^ amccompanied by funfrotber jquiibpl»  it mofjM te 
i^npUed  tbat  all  Uiq  aoJIiid  ^o^es  mw^  aijnilarijr  mc^ 
dified*    Tb^  -symbol  i^preaentiod;  xlaas  C  mig^.bf 

'  The  planes  of  modjAcation  d  ot  llie  cube  might  be 

denoted  thus,  A,  but  for  the  sake.oC  unijGQrmitjr^with 
tbe  jprecedui^ ,  symbQl^  A»y  will  be  cepresented  bj 

ilie symbol  'A\ 

Vhe  pkMd  bdoogiiig  to  tl«8»  t  of  tl«  oubt^,  'd»  ««l 
dnferltedi  4h«6#  belbngiii^  td  class  i^  except  iti  being 
thnee  s<ng&^  «i«iiftiir  phm^S)  imiead  df  ihfM  jidffff  of 

dMii  «f  titori^r^,  by  4to  ^finlM>l^  H  WiH  b^  riM[«Mte 
tHat'tbb  ^tf bat  ^feftottld  Yepimseat  cme  of  tii^  p^f  of 
planes^  ani  not  tuetiely  a  ilit^/e' plane,  as  iMi^lIt  baVo 
baaii  4|]ffide«i«  If 'c)aiw  i  bad  ii6t  eij^^d; 

Stfppoao  aa  inditiaMl  modifieatkni  belMfg^hig  to 
ciaas  <{  js  tO'be  denaied,  ti^dl  tf  the-  deereiaent  prb^ 
dttcing  it  be  by  three  maioi^iJldi^  <»ti  tb^e  eig^  W;  ofiet 
on  the  edge  B',*  and  two  in  height  on  the  angle  A,  tbe 
symbol  would  be 

(BS  B'"2  B'l  ^  Bl  B'"2  B'3), 
which  would  imply  a  pair  of  planes  resting  on  tbe 
plane  P.  And  the  two  syniMs  being  both  included 
within  a  parenthesis^  and  separated  from  each  other 
by  two  dotSy  implies  that  both  the  planes  represented 
result  from  the  same  law  of  decrement^  but  acting  in 
two  different  directions. 

If  two  similar  planes  belonging  to  class  /  of  tiie 
cube,  resulting  from  a  decrement  by  three  rows  in 
breadthji  occur  on  all  tbe  edge»  of  a  cubic  crystal^  tbe 

fnywh^X  «  wUl  b^  itf ed  (0  deni^te  tbeir  exi^fteee  on 
one  of  Ibe  edge«  \  and  their  existence  on  tbe  other 
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^igm  is  iflfpUed)  4ui^8g  their  ahsenoe  he  denoted  by 
tlie  charaolers  wluch  will  be  presentlj  given  and  ex* 
pluned.  This  symbol  implies  that  the  edge  B  is 
replaced  by  two  planes,  one  of  which  results  from  a 
<k»reiiiefft  by  thvee  row»  in  breadth  pi-ooeeding  along 
theternunal  plan^,  and  the  other  by  three  rows  ia 
breadth  proceeditig  along  the  lateral  plane.    The 

symbol  0  might  be  sufficient  to  denote  the  planes  of 
iBodltication  e,  but  for  the  sake  of  coYiformity  with 
ike  general  system  of  notation,  it  sbould  be  written 

B. 

1 

'  When  the  lateiM  edge  of  a*  prism  is  modified  by 
two  Bifisiltir  planes,  the  symbol  representing  them 
wiH  be  'G^.  Thd  G  standing  singicy  implies  that 
the  symbol  t^6^  to  a  single  edge. 

The  planes  belonging  to  class  d  of  the  modifications 
of  the  right  rectangular  prism,  may  be  readily  con* 
ceived  to  result  frbm  decrements  proceeding  along 
either  of  the  planes  M  or  T.  If  along  the  plane  M, 
the  vfttbol  would  be  6'^  %^ ;  but  if  the  decrement 
he  saf  posed  to  hate  proceeded  along  the  plane  T, 
ki  synbcd  would  be  «G' GP. 

The  Telrdkedton. 
Fig.SQi. 


Simple  and  mixed  decrements  on  the  angles  of  the 
tetrahedron  producing  planes  belonging  to  class  by 
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are  supposed  to  proceed  along^  tbe  plane  P$'  and  the 
symbol  by  which  they  are  to  be  represented  is 

The  symbol  representing  a  pair  of  planes,  of  any 
particular  modificatipn  belonging  to  class  d  would  be 

.  (Bp  B'q  B"r  :  Bp  B'r  B"q) 

The  edges  of  this  primary  form  are  neither  per* 
pendicular  nor  horizontal,  and  the  decrements  by 
which  they  become  modified  might  therefore  be  ex^ 
pressed  by  the  symbols  which  represent  the  modifi- 
cations upon  either  the  terminal  or  lateral  edges  of 
prisms.  But  as  the  edg^  of  the  tetrahedron  .are 
more  analagous  to,  the  lateral,  than  to  tbe  ^terminal 
edg^s.of  prismSy  the  symbol  '^B'  will  be  used  to  de-> 
note  the  modifying  planes  belonging  to  class.yi 


The  Octahedrons* 


.1. 


.  The  Jaws  of  decrement  which  produce  the  modify- 
ing planes  of  the  o$)tahedrons,  are,  according  to  the 
Abbe  Hatiy's  theory,  supposed  to  take  place  ou.paral* 
lelopipeds,  which  would  be  formed  by  adding  two 
tetrahedrons  to  two  opposite  planes  of  the  octahedron. 
In  the  appendix  to  this  treatise,  rules  will  be  given 
for  determining  directly  the  laws  of  decrement  on  the 
octahedrons,  independently  of  these  added  tetra- 
hedrons. And  the  symbols  representing  the  secondary 
planes  will  therefore  vary  from  those  adopted  by  the 
Abbe  Haiiy. 
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The  regular  Octahedron. 

Fig.  305. 


The  simple  and  mixed  decrements  on  the  an|;Ie8| 
wfakk  would  produce  the  planes  belonging  to  class  by 

may  be  represented  by  the  symbol  'A';  tvhich  im- 
plies that  similar  planes  occur  on  the  three  adjacent 
angles,  and  consequently  on  the  fourth  J 

The  intermediary  decrements  are  of  two  kinds, 
1.    Those  which  jprodiice  the   planes    compre- 
hended under  class  c. 
The  general  symbol  to  represent  these  would 
be  (Bp  B'q  b'q  br). 
!&.   Those   which   produce   the  planes  compre<* 
hended  under  class  d. 
'  The  general  symbol  to  represent  these  would 
be  (Bp  B'q  b'r  b.  :  Bp  BV  b'q  bs). 
These  symbols  denote  the  abstraction  of  /?•  g,  r,'  or 
i,  molecules  from  some  of  the  edges  B,  B',  b',  and  b, 
fn  the  production  of  the  planes  belonging  to  classes 
c,  or  rf. 

The  Rhombic  Dodecahedron. 

The  modifications  on  the  edges  of  this  primary 
£irm  ipay  be  denoted  by^the  general  symbol  ^B^ 
Those  on  the  acute  solid  angles  may  be  represented 
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by  symbols  analog^ons  in  character  to  those  used  fbir 
the  octahedron*.  > 

The  modifications  pit  the  optuse  solid  ang^les  may 
be  represented  by  symbols  resembling  in  charticter 
those  used  for  the  tetrahedron. 


The  Rhomboid. 

0 

The  modification  on  the  superior  edges  may  be 
represented  by  the  general  symbol  ^B',  and  those  on 
the  inferior  edges  by  the  general  synibol'fD^.   ' 

The  modifieatioR9>  ay  by  c,  4,  ronj^be  nepresentiMil^ 
symbols  of  the  same  chairacler  as  tl^ose  adopted  for 
tiie  tetrahedron. 

The  remaining  modifications, .  on  the  lateral  solid 
angles,  n^y  very  obvioMsly  be  conceived  to  result 
from  decrements  .upon  either  the  angles  at  £,  or 
the  angle  at  O.  For  if  we  refer  to  any  of  the  modi- 
cations  from  €  to  ky  W4$  may  perceive  that  the  planes 
which  replace  the  angles  fit  £,  are  ^milar  to  those 
which  replace  the  angle  at  O,.  but  are  in  an«inverted 
position.  It  is  therefore  indiflferent,  as  far  as  the 
representatijre  character  of  the  symbol  is  QOfleemed, 
whether  we  refer  the  planes  belonging  to  any  of  those 
modifications,  to  the  angle  at  £  or  at  O.  In  either 
case,  the  symbols  will  be  similar  in  character  to  those, 
which  relate  to  the  solid  angles  of  spme  other  j^ral- 
lelopipeds. 

In  the  following  tables,  both  these  classes  of  sym- 
bols will  be  again  alluded  to,  and  their  differences 
pointed  out  in  refi^renee^ta  several  Of  the  classes  of 
modifications. 

In  the  examples  which  we  have  given  df  th^  a{fpli-^ 
cation  of  syuibols  to  represent  the  secondary  form»af 
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orysteb,  we. have  9uppo8ed  those  feraiB  to  have  been 
strictly  sjmmetrica],  or  to  have  resulted  from  similar 
modifications  on  all  the  similar  edges  or  angles  of  the 
primary  form. 

It  remains  now  to  point  out  the  methods  of  dts- 
tingaishing  by  appropriate  symbols,  those  secondary 
forms  in  which  similar  planes  do  not  occur  on  all  the 
similar  primary  edges  and  angles* 

1st.  Let  us  consider  the  case  where  an  ansle  or 
edge  is  only  partially  modified.  See  cube,  fig.  303, 
p.  243. 

In  class  i  of  the  modifications  of  the  cube,  the  solid 
angles  are  replaced  by  only  three  planes,  which  are 
found  to  correspond  with  the  aUemate  plants  of 
c^ass  d. 

But  the  symbol  representing  class  (/,  is  such  as  to 
imply  that  there  are  three  pairs  of  planes  on  each 
solid  dngle.  We  should  therefore  construct  the  sym* 
bol  which  is  to  represent  class  e,  so  as  to  indicate  the 
existence  of  only  three  single  planes  on  each  solid 
angle ;  and  it  should  denote  the  relative  positions  of 
the  analagous  planes  on  the  solid  angles  at  A^  and 
at  A. 

'The  three  planes  at  A^  may  be  represented  by  the 
following  symbol,  in  which  q  is  supposed  to  be 
greater  tb^n  t ; 

(B'q    Bp    B"r)(B"q    B'p    Br)(B'r    B"p    Bq). 

And  the  three  planes  at  A  by  the  following ; 

(Bq    B%   B'rWB%   ffp   Br)(B'q   Bp   B"'r). 

If  these  symbols  be  attentively  regarded^  they  will 
be  observed  to  express  the  relative  positions  of  the 
corresponding  plitnes  on  each  of  the  solid  angles. 
And  by  substituting  in  them  b  aiid  ly  for  B  and  B', 
the  planes  on  <  the  lower  solid  angles  might  also  be 
represented,  and  thus  the  entire  -figure  would  be 
implied. 
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The  planes  belonging  to  elsss  k,  which  Biay  be  said 

to  modify  the  edges  partiaUy,  may  be  thus  dttiotJod, 

± 

The  index  not  being  repeated  belozp^  and  on  boih  $^s 
of  the  ktter9  B^  SfC*  qffords  an  indication  thai  the  planes 
are  .single  upon  each  edge ;  in  which  respect  only, 
does  class  k  differ  from  classyi 

3*  Let  us  suppose  some  angles  or  edges  of  a  crystal 
to  be  modified,  while  others,  which  are  similar,  re- 
main  entire. 

From  what  has  preceded,  it  will  be  apparent,  that 
.  the  character  representing  these  differences  may  be 
generally  conferred  on  the  symbol,  by  introducing 
into  it  the  letters  which  denote  the  unmodified  edges 
or  angles,  and  by  substituting  cyphers  in  appropriate 
position^  near  those  letters,  for  the  indices  of  the 
symmetrical  modifying  planes. 

^n  example  derived  from  the  defective  modifica- 
tions  of  the  cube,  will  sufficiently  illustrate  the  cha- 
racters of  these  particular  forms  of  symbol^ ;  and  ii) 
the  following  tables  they  will  be  further  explained 
in  reference  to  the  different  classes  of  primary  forms 
in  which  irregular  secondary  forms  occur. 

The  angles  of  the  lower  plane  of  the  cube>  cor- 
responding with  those  marked^  A  and.  A'  of  the,  upper 
plane,  are,  as  it  has  been  already  stated,  supposed 
to  be  denoted  by  a  and  a\  The  planes  belonging  to 
class  h  may  be  represented  by  the  following  symbol. 

p  o  p  o 

»A*    ®A'°    'a'*    V»      * 
Thift  impUeS'the  occiirrenoe  of  th^  modifying  pl«m^ 

on  the  altermite  s<)lid  angles  ooly.  <     ' 

If,  as  it  sometimes  happens,  one  of  the  terminal 

aoUd  angles  of  a  rhomboid  is  replaced  by  a  tangent 
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plane,  wbUe  the  other  remains  efttire,  the  sjnbe) 
representiBg  the  change  of  figure  would  be 

•A"    V. 

3.  When  different  decrements  take  place  on  ttro 
similar  angles  or  edges,  the  number  expressing  the 
law  of  one  of  them  may  be  represented  by  p^  and  the 
number  representing  the  law  of  the  other,  may  be 
substituted  for  the  o,  by  which  we  have  proposed  to 
denote  the  unmodified  angles  or  edges.  Thus,  if  one 
terminal  solid  angle  of  a  rhomboid  were  replaced  by 
a  tangent  plane,  and  the  other  by  three  planes  be- 
longing to  class  i,  resulting  from  a  decrement  by  two 
rows  in  breadth,  the  symbol  would  become 

'A'   «a». 

It  will  be  convenient  when  we  describe  the  second- 
ary forms  of  crystafs  by  means  of  these  symbols,  to 
observe  some  certain  order  in  their  arrangement  into 
what  may  be  termed  the  theoretical  image  of  the 
crystal.  The  Abbe  Haiiy  places  the  symbols  re- 
presenting the  lateral  edges  of  prisms,  first;  then 
those  which  represent  the  terminal  edges ;  and  lastly, 
those  which  represent  the  solid  angles.  As  it  is  evi- 
dently indifferent  whether  they  be  taken  in  this  order 
or  in  any  other,  as  far  as  their  descriptive  character 
18  concerned,  I  shall  observe  the  same  order  of  ar- 
rangement that  he  has  given ;  although  if  that  had 
not  been  established,  I  should  have  reversed  it,  for 
the  sake  of  conformity  with  the  order  in  which  the 
modifications  are  placed  in  the  tables. 

The  Abbe  Haiiy  has  also  proposed  to  designate  the 
secondary  planes  by  small  letters,  and  to  place  these 
under  the  respective  symbols  of  the  planes  they  refer 
to.  And  in  order  to  render  the  character  of  the  sym- 
bol more  complete,  he  repeats  the  letters  which 
designate  the  primary  planes,  among  those  which 
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denote  the  secondary  6ne«r,  as  in  the  sollbwing  ex- 
ample. 

Thus,  if  a  right  rhombic  prism  should  be  found 
containing  the  modifying  planes  belonging  to  the 
classes  a,  Cy  e,  h^  and  g*,  and  also  containing  the  pri- 
mary planes,  the  representative  symbol  might  be  this. 

'«•    M    »H-    B   B   A   P 
h      M      g      e    c     a    P 

Here  the  laws  of  decrement  producing  the  second- 
ary planes  are  repi*esented  by  the  upper  series  of 
characters ;  and  the  lower  series  consists  of  the  let- 
ters which  are  placed  on  the  figure  of  the  crystal,  to 
distinguish  the  secondary  planes. 


ON   THE   RELATION  OF  THE  LAWS  OF 

DECREMENT  TO  THE  DIFFERENT 

CLASSES  OF  MODIFICATIONS. 


''  The  feUowing  tables,  which  exhibit  these  selatioDs^ 
will  illustrate  fally  the  uses  of  the'symbola  we  have 
just  described. 

It  may  be  remarked,  that  the  letters  placed  on  the 
figures  of  the  primary  forms  contained  in  these  tables, 
differ  from  those  which  stand  on  the  corresponding 
primary  forms  placed  at  the  heads  of  the  several 
tables  of  modifications;  and  that  some  new  letters 
have  also  been  added  to  them. 

These  changes  have  been  introduced  for  the  pur- 
pose of  indicating  more  explicitly,  bj  means  of  sym- 
bolsy  the  changes  of  figure  which  any  modified  pri- 
mary form  may  have  undergone. 

The  letters  /?,  ^ ,  r,  Sy  are  used  as  the  general  indices 
of  the  different  classes  of  modifying  planes,  and  thus 
represent  any  numbers  whatever ;  but  thej  will  re- 
present different  numbers,  in  relation  to  the  different 
individual  planes  belonging  to  each  of  the  classes. 

When  these  letters  are  used  as  the  indices  of  the 
modifying  planes  produced  by  intermediary  decre- 
ments, they  represent  whole  numbers  only.  But  when 
p  denotes  the  law  of  a  simple  or  mixed  decrement,  it 
may  represent  any  whole  number  or  fraction. 
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This  whole   number  or   fraction  may  be  either 
greater  than  1,  which  may  be  thus  denoted  p  ^  1 ; 

equal  to  J,     • p  zz  1; 

or  less  than  1^ P  <C  ^* 

The  mark  ]>  signifying  greater  than^ 
=z:     •     •     •     equal  to^ 
<[     .     .     .    less  than. 
'  The  letter  p  will  generally  be  used  to  denote  the 
greater  edge  of  the  defeet^  the  letter  q  the  next^  and 
r  the  least,  when  there  are  only  three  edges  to  be 
denoted.    But  when  the  symbol  represents  a  modifi* 
cation  on  the  solid  angle  of  an  octahedron,  s  is  intro- 
duced to  denote  the  fourth  and  least  edge  of  the 
defect.    Hence  the  relative  values  of  p,  q^  r,  and  s^ 
may  be  thus  expressed,  p^  ?^   ^^   *• 
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The  Cube. 


Fig.  306. 


1.  Symmetrical  modifications • 

Simple  and  mixed  decrements  on  the  angles^  produce 
the  planes  belonging  to  modifications  a,  b^  and  c. 
The  general  symbol  to  represent  these  is 


Ifp  ^  1,  ckuB  b  h  represeiited,  and  as  the  Talue 

bf  p  increases,   the  planes  b 
incline  more  and  more  on  the 
primary  planes, 
p  =  1,  mod.  a  is  represented, 
p  <^  1,  class  c  is  represented,  and  as  the  value 

of  p  diminishes,  the  planes  c 
incline  more  and  more  on  the 
primary  edges. 

Intermediary  decrements  produce  the  planes  be- 
longing to  class  d,  N 

The  general  symbol  representing  these,  is 
(Bp  B'q  B'"r  :  Bq  B'p  B'"r). 

Decrements  on  the  edges,  produce  the  planes  be- 
longing to  the  classes  e  and  /• 

The  general  symbol  representing  these  is 

If  p  zz  I,  class  e  is  represented, 
p  ^  1,  class  f  is  represented. 

?.  Modifications  not  strictli/  conformable  with  ike  law 
of  symmetry ;  or^  such  as  have  bee  ft  termed  defective 
V       modifications. 

The  foUowing  are  the  symbols  representing  these 
classes. 

''A'*  'A'   'a'»  V  represents  rffl^ g. 

4'°  PAP  ^h  V    .     .     .    .   class  h. 

(B'q  Bp  B"r)(B"q  B'p  Br)(B'r  B"p  Bq)  represents 

the  planes  at  A'  belonging  to  class  i.  > 
(Bq  B'"pB'r)(B'"q  B'p  Br)(B'q  Bp  B'"r)  represents 

the  planes  at  A  belonging  to  the  same  class. 
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When  the  symbolic  cbaraeter  is  not.accomplinied 
by  a  figure  of  the  crystal,  both  the  preceding  symbols 
should  be  given ;  but  when  there  is  a  figure,  it  will 
be  sufficient  to  use  the  second  only. 

B  B'  B"^  *B'"  is  the  symbol  representing  class  h 


The  regular  Tetrahedron. 
Fig.  307. 


Simple  and  mixed  decrements  on  the  angles. 

General  symbol  'A^. 

Ifp  ^  1,  the  symbol  represents  class  h. 

jP  Z3  1, mod*  a. 

p  <[  1, class  c. 

Intermediary  decrements. 

General  symbol,  (Br  B'q  B"r)(Bp  B'r  B''q)  repre- 

sents  class  d. 

Decrements  on  the  edges. 

General  symbol,  ^B^. 

If  jp  =:  1,  the  symbol  represents  mod.  e. 
p  ^  1, class  f. 
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/Eht  regular  Ociahedron. 
Fig.  308. 


Simple  and  mixed  decrements  on  the  angles. 
General  symbol,  ^'A'*. 

Ifp  =r  1,  the  symbol  represents  mod.  a. 
p  <[  1, class  b. 

Intermediart/  decrements 

Are  of  two  kinds,  and  require  two  general  symbols. 
1st.  (Bp  B'q  b'q  br)  represents  c/a55C; 
^d.  (Bp  B^q  b'r  bs  :  Bp  B'r  b^q  bs)  represents  c/a5s  d. 

Decrements  on  the  edges. 
General  symbol,  ^B^ 

Ifp  =1,  the  symbol  represents  mod.  e. 
p  >  1,     ........     class/. 

The  planes  belonging  to  classes  a  and  k  of  the  cube, 
sometimes  occur  on  the  same  crystal,  and  when  the 
planes  a  are  much  enlarged,  the  secondary  form  pre- 
sents the  figure  of  the  octahedron  modified  by  two 
only  of  the  planes  c  of  that  figure.  The  secondary 
crystal  may  however  be  referred  properly  to  the  cube, 
so  long  as  it  retains  any  portion  of  the  planes  k. 
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The  rhombic  Dodecahedron. 
Fig.  309. 


Simple  and  mixed  decrements  on  the  obtuse  solid  angles, 

p 
General  symbol  ^A^,  represents  the  classes  c,/,  &g. 

Ifp>  1,  the  symbol  represents  claksf. 

j9  =  I, .  mod.  e. 

p  "^  1,  .     ...     ....  class  g. 

Intermediary  decrements  on  the  obtuse  solid  angles 
produce- the  planes  of  class  hj  which  class  may  be 
generally  represented  thus : 

(B'p  Bq  B"r  :   B'q  Bp   B"r). 

Simple  and  misled  decrements  on  the  acute  solid 
angles,  produce  the  planes  belonging  to  classes  a 
and  b. 

General  symbol  ^E^. 

p 

Ifp  z=z  1,  the  symbol  represents  mod.  a. 
/>  |]>  1, ,  class  ft. 

Intermediary  decrements  on  the  acute  solid  angle^ 
consist  of  two  kinds,  producing  the  planes  of  classes 
c  and'  d. 

The  general  symbol  representing  class  c,  is 

(Bp  B'q  b'q  br). 

The  general  symbol  representing  class  d,  is 
(Bp  B'q  b'r  b.  :  Bp  BV  b'q  hn). 
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Decrements  on  the  edges^  iMy  be  represented  by  the 
general  symbol  ^B^, 

l(p  =  1,  the  symbol  represents  mod.  t. 
p  ]>  1 •    •    •    .  elciss  h 

Some  of  the  secondary  crystals  of  Blende  are  pro- 
duced by  defective  modifications  of  this  primary  form, 
and  are  such  as  might  result  from  regular  modifi- 
cations of  the  tetrahedron . 

The  Octahedron  with  a  square  base. 

Fig.  310. 


Simple  and  mixed  decrements  on  the  terminal  edges. 

Greneral  symbol,  ^A^. 

.  p 

If  p  :=:  1,  the  symbol  represents  mod.  a. 
p  ^  1, class  b. 

Intermediary/  decrements  on  the  terminal  solid  angles. 

These  are  of  two  kinds,  and  require  two  general 
symbols. 

Ist.  (Bp  B'q  b'q  br)  represents  clctss  c ; 

Sd.   (Bp  B^q  Vr  bs :  Bp  B'r  b'q  bs)  represents  class  d. 

Simple  or  mixed  decrements  on  the  lateral  angles. 

General  symbol  ^E**. 

If  p  =  1,  the  symbol  represents  class  e. 

p  ^  1,, *     •    dass  h. 
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IntePfiudiary'decrenwrtU  on  the  later4dsoUd  angles. 

These  are  of  three  kinds,  and  require  three  general 
sj^mbols. 

1st.  (Bp  Dq  D'q  B"r)  repTOsents  c/fl^^/. 
2d.   (Dp  Bq  B"q  D'r)  .....  class  g, 
3d.   (Bp  P4  D'r  B''. :  Bp  Dr  D'q  B"0  represents 

class  i  when  p^  qi 
The  same  symbol  represents  class  k  when  p  <^q* 

Decrements  on  the  edges  ofthept/ramids. 

General  symbol  ^^B^. 

If  p  zzz  1,  the  symbol  represents  mod.  I. 
j»  ]]>  1, class  »i. 

Decrements  on  the  edges  of  the  base. 

p 
General  symbol  D 

p 

If  p  z=z  1,  the  symbol  represents  mod.  n. 
p^  ly      .,../...     class  0. 

The  Octahedron  with  a  rectangular  base. 

Fig- 311. 


Simple  and  mixed  decrements  on  the  terminal  angles  of 

the  planes  1?. 

p 
General  symbol  P. 

If  jp  n:  1,  the  symbol  represents  mod.  a. 
p^  1^ class  b. 
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Simple  and  mixed  decrements  on  the  iermmal  angles  of 

planes  M. 

General  symbol  ^A^. 

l(p  =  1,  mod,  a  is  again  represented,  because 

plane  a  results  from  a  decre- 
ment by  one  row  on  all  the  ter- 
minal angles. 
/7  ]>  1,  class  c  is  represented. 

Intermediary  decrements  on  the  terminal  solid  angles. 
General  symbol  (Bp  B'q  b'r  ba)  represents  class  d. 

Simple  and  mixed  decrements  on  the  lateral  armies  of 

the  plane  P. 
(general  symbol  E'^  ^E. 
If  jp  =  1,  the  symbol  represents  mod.  e. 
p^  1, class  h. 

Simple  and  mixed  decrements  on  the  lateral  angles  of 

the  plane  M. 
General  symbol  PE'  E^*. 

If  p  =  1,  mod.  e  is  again  represented, 
p  }>  1,  class  i  is  represented. 

Intermediary,  decrements  qn  the  lateral  solid  angles. 

These  are  of  two  kinds. 

1.  Such  as  produce  the  single  planes  on  each 

angle,  which  are  comprehended  under  class 

gy  or  class  f. 
The  general  symbol  is  (Dp  Bq  B!'q  Fr). 
If  p  }>  r,  the  symbol  represents  class  f. 

p  <C,r^  .     . cl'dss  g. 

2.  Such  as  produce  two  planes  on  each  angle 

belonging  to  class  k. 
General  symbol  (Dp  Bq  B''r  F..) 
In  this  symbol,  the  particular  values  of  either  of 
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the  indices  may  be  greater  or  less  tban  either  of 
the  others,  in  reference  to  particular  modifying 
planes. 

Decrements  on  the  terminal  edges* 

The  planes  produced  by  these  decrements  are  all 
comprehended  under  class  /,  although  they  may  be 
said  to  consist  of  three  varieties. 

1st.  When  the  decrements  proceed  along  the 
plane  P. 

Sd«  When  the  edge  at  which  the  planes  I  inter- 
sect each  other  at  the  base,  is  parallel  to  a 
diagonal  of  that  base. 

Sd.  When  the  decrements  proceed  along  the  plane 
M. 

The  general  symbol  of  the  1st,,  is.  B'^  ^B. 

2d,  _  'B'. 
3d,  —  »»B'  B^ 

Decrements  upon  the  edge  H  of  the  base. 

p 
General  symbol  D* 

p 

Ifp  =:  1,  the  symbol  represents  mod.  na, 
p  ^  1, doss  ». 

Decrements  upon  ike  edge  F  of  the  base. , 

General  symbol  F. 

p 

Ifp  :=z  1,  the  symbol  represents  mod*  o. 
p  ]>  1, class  p. 
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T%€  Octahedron  with  a  rhombic  base. 


Fig.  318. 


Simple  and  mixed  decrements  on  the  terminal  angles. 

General  symbol  ^A^. 

p 

If  p  =:  1,  the  symbol  represents  mod.  a. 
p  ]>  1»     .     .    ...     .     .     .     class  d. 

Intermediary/  decrements  on  the  terminal  solid  angles. 

These  are  of  four  kinds,  and  require  four  general 
symbols* 

We  suppose  ^e  edges  of  the  upper  pyramid^  which 
are  opposite  to  those  marked  with  B  and  C^  to  be 
denoted  by  b  and  c. 

Class  b  is  represented  by  (Cp  Bq  bp  Cr). 
Class  c (Bp  Cq  «q  br). 

Class  e       •       •       •       (CpBqbrCa   :    CpfirbqCs), 

Class  f    .    '.    .     (BpCqCrbs-:  Bp  Gr  Cq  bs). 

Simple  and  mixed  decrements  on  the  angle  £  at  the  base. 

General  symbol  ^E^ 

lfpz=:  If  the  symbol  represents  mod^  »• 
p  ]]>  J>    . class  q. 
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Intermediary  decrements  on  the  acute  solid  angle  at  E. 

'   These  are  of  four  kinds,  and  require  four  general 
symbols. 

Class  o  is  represented  by  ( Bp  d'q  Dq  B'r). 

Class  p (Dp  B'q  Bq  d'r). 

Class  r    .     •    (Bp  Dq  d'r  B's  :  Bp  d'q  Dr  B'*). 

Class  5  V.     ,     (Dp  B'q  Br  d's  :  Dp  B'r  Bq  d'O- 

\ 

Simple  and  mixed  decrements  on  the  angle  1  at  the  base. 
General  symbol  ^P. 

If  p  r=  1,  the  symbol  represents  mod.  g. 
/?  ^  1, class  k. 

Intermediary  decrements  on  the  obtuse  solid  angle  at  I. 

These  are  of  four  kinds^  and  require  four  g^n^al 
symbols. 

Class  A  is  represented  by  (Cp  Dq  D'q  C'r). 
Class  i (Dp  Cq  C'q  D'r). 

Class  Z      .      .      (Cp  Dq  D^rXXs   :    Cp  D'q  Dr  C's). 

Class  m  .     .    (Dp  Cq  C'r  D'a  :  Dp  C'q  Cr  D's). 

Decrements  on  the  acute  terminal  edges. 

General  symbol  ^B^. 
If  p=  1,  the  symbol  represents  modi  v. 
p^ly    '.     .    .    .    .     .    .     class  x» 

Decrements  on  the  obtuse  terminal  edges. 
General  symbol  ^C^. 

Ifp  =1 1,  the  symbol  jrejiresents  mod.  t. 
p^  If     .     .     .    .     •     .     .      class  u. 

Decrements  on  the  edges  of  the  base. 

p 
General  symbol  D. 

p 

If  jt>  =  1,  the  symbol  represents  mod.  y. 
P^  h class  z. 
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The  right  Square  Prism. 


Simple  and  mixed  decrements  on  the  terminal  angles. 

p 
General  symbol  A,  represents  class  a  generally. 

In  this  symbol  p  may  be  ^  1. 

or  =  1. 
or  <^  1 . 
l(p  =  1,  an  individual,  plane  belonging  to  the 
class    is   represented,    whose   three 
edges  would  be  respectively  parallel 
to  the  diagonals  of  the  adjacent  pri- 
mary planes.    This  plane  may,  from 
its  station  in  the  series,  be  denomi- 
nated the  middle  plane, 
p^ly  the  planes  represented  would  incline 
more  on  P  than  the  middle  plane  does. 
p  <^lf  thei  planes  represented  would  incline 
more  on  the  edge  G. 
» 
Simple  and  mixed  decrements  on  the  lateral  angles. 

General  symbol  ^A^,  p  being  ]>  1 . 

This  symbol  represents  a  series  of  planes  belonging 
to  class  6,  whose  intersections  with  the  planes  M  and 
M',  are  parallel  to  the  diagonals  of  those  planes. 
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Intermediary  decrements. 

General  symbol  (Bp  Gq  BV  :  Br  6q  B'p),  repre- 
sents the  remainder  of  the  series  of  planes  belonging 
to  class  b. 

Decrements  on  the  terminal  edges. 

p 
General  symbol  B. 

Ifp  z=  ly  an  individual  plane  belonging  to  class  c 
is  represented,  which  may  be  termed 
the  middle  plane  of  the .  series  com- 
prehended under  that  class;  and  it 
would  intersect  the  lateral  planes  in 
lines  parallel  to  one  of  their  diagonals* 
p  ^1,  the  symbol  would  represent  that  part 
of  the  series  of  class  c,  which  inclines 
more  on  the  terminal  plane  than  the 
middle  plane  does, 
jp  <^  1^  the  same  symbol  would  represent  that 
part  of  the  series  which  inclines  more 
on  the  lateral  plane  than .  the  middle 
plane  does. 

Decrements  on  the  lateral  edges. 

General  symbol  ^G'. 
Ifp  =  I,  mod.  d  is  represented. 
P^  ly  class  e  is  represented. 
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The  right  Rectangulat  Pritm. 
Fig.  914. 


Ji^t    ,p^ '  \A 


M 


mcremenisontht  angles: 

The  planes  beloDging  to  class  a,  comprehend  the 
following  varieties. 

Ist.  Those  which  result  from  simple  and  mixed 

decrements  on  the 

,    p 
terminal  angles,  of  which  the  general  symbols  isA« 

angles  of  plane  M, 'A. 

angles  of  plane  T, A^ 

If|i  =r  ly  in  either  of  these  symbols,  the  same 
individual  plane  belonging  to  the 
class  is  represented  by  each ;  the 
three  edges  of  which  are,  respective* 
ly,  parallel  to  the  diagonals  of  the 
planes  P  M  and  T.  This  may  be 
termed  the  middle  plane  of  the  series. 

p^  If  the  planes  represented  will  incline  on 
the  plane  P,  or  M,  or  T,  more  than 
the  middle  plane  does. 

p  <C,1^  the  plane  represented  will  incline  less 
on  the  respective  primary  planes  than 
the  middle  plane  does. 
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2d.  Those  which  result  from  intermediary^  decre* 
ments^  which  may  be  represented  by  this 
general  symbol, 

(Cp   Gq   Br). 

in  which  p^  q^  and  r,  will  vary  relatively  to 
each  other  as  the  decrements  proceed  along 
the  plane  P,  M,  or  T. 

Decrements  on  the  terminal  edges. 

p 
Greneiral  symbols,  G  represents  class  b. 

p 

B     »     .     •    class  c. 

Up  =  1,  in  either  of  these  symbols,  a  middle 
plane  will  be  represented  belonging 
to  each  class  respectively,  ^nd  the 
planes  of  each  class  would  respec- 
tively incline  more  on  the  terminal, 
or  on  the  lateral  plane,  than  its  cor- 
responding middle  plane  does,  as 
pis^  Ij  or<^  1. 

Decrements  on  the  lateral  edges^  producing  the  planes 

oj^  class  rf. 

These  are  of  three  kinds,  and  require  three  general 
symbols. 

1.  G'^  ^G,  when  the  decrement  proceeds  along 

the  plane  M. 

2.  *G'  G^,  when  the  decrement  proceeds  afong 

the  plane  T. 

3.  When  |i  =  1,  in  either  of  the  two  preceding 

symbols,  the  middle  plane  of  the  series 
will  be  represented. 
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The  right  Rhombic  Prism. 
Fig.  315. 


Simple  and  mixed  decrements  on  the  acute  terminal 

'  angles. 

General  symbol  E,  represents  class  c,  generally. 
Ifp  =  1,  the  symbol  represents  the  middleplBne 
of  the  series. 
|>  ^  1.  or  <^  1,  the  planes  represented  incline 
more  on  plane  P,  or  on  the  edge  G, 
than  the  middle  plane  does. 

Simple  and  mixed  decrements  on  the  obtuse  temunal 

angles. 
p 
General  symbol  A  represents  class  a  generally. 

s 

A,  represents  the  middle  plane. 

Simple  and  mixed  decrements  on  the  laterial  angles. 

1.  On  those  adjacent  to  E. 

General  symbol  ^E^,  represents  one  series  of 
planes  belonging  to  class  cf,  which  intersect 
the  lateral  planes  parallel  to  one  of  their 
diagonals. 
S^  On  those  adjacent  to  A, 

General  symbol  ^A^,  represents  a  similar  series 
of  planes  belonging  to  class  b. 
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Intermediary  decremenis  on  the  acute  and  obtuse  solid 

angles. 

General  symbol  (B'p  Gq  Br  :  B'r  Gp  Bp)  repre- 
sents a  further  series  of  planes 
belonging  to  class  d. 

(Bp  Hq  B'r  :  Br  Bq  B'p)  repre- 
sents a  further  series  of  planes 
belonging  to  class  6. 

Decrements  on  the  terminal  edges. 

p 
General  symbol  B,  represents  class  e^  generally* 

.    B,  represents  its  middle  plane. 

Decrements  on  the  lateral  edges. 

1.  On  the  acute  edges, 

^(j^  represents  mod.  k. 
*G^    ...     .      class  t. 

S.  On  the  obtuse  edges. 

*H*  represents  morf. /I 
*H^    .     .    .      cla^s  g. 

The  expositioik  which  has  been  given,  in  reference 
to  the  preceding  classes  of  primary  forms,  of  the  re- 
lations  of  the  laws  of  decrement  to  the  several  classes 
of  modifications,  will,  it  is  presumed,  have  been  suf- 
ficiently full,  to  render  more  than  an  outline  of  those 
relations  unnecessary,  in  reference  to  the  classes  of 
primary  forms  which  are  to  follow. 
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The  right  Oblique-angled  Prism. 
Fig.  316- 


Decrements  on  the  acute  solid  dngl^Sy  are  all  con^prised 

zeithin  class  b. 

!•  Simple  and  mixed. 

£  represents  the  middle  plane. 

E    •     .     *     the  pknes  which  intersect  the 

plane  P  parallel  to  a  diagonal. 

'E    •     •     .    the  planes  which  in  the  same 

manner  intersect  the  plane  T« 

E' M. 

S.  Intermediary*    General  symbol  (Bp  Grr  Cq)« 


Decrements  on  the  obtuse  solid  angles  are  all  comprised 

within  class  a. 

The  symbols  representing  the  planes  corresponding 
in  character  with  those  above  described,  are^ 


A. 

p 
A. 


'A. 
A». 

(Cp    Hr    Bq). 


S7S  relation;  o^  decrements  to 

Decrements  an  the  terminal  edges. 
C,  symbol  of  middle  planel    ^ ^^^  ^ 


C,  general  symbol 


B,  symbol  of  middle  plane  I 


of  class  c. 


Dy  general  symbol 


Decrements  on  the  lateral  edges. 

^G^  symbol  of  middle  plane 
'G    .    . 
G''  .    . 


m 


'middle  plane     '\ 

\otlier  planes  |of«fc»*f- 


middle  plane 
>  other  pi 


anes 


■  I 
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The  Oblique  Rhombic  Prism. 
Fig.  317. 


Decrements  on  the  acute  solid  angles. 

1.  Simple  and  mixed  decrements  on  the  angle  A. 

The  general  symbol  A,  represents  class  c. 

A  represents  the  middle  plane  of  that  class. 
^A'^  represents  part  of  the  series  of  class  d. 
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S.  IfUermeiiartf. 

(B'f  hq  Br  :  Bp  hq  B'r)   represents  another 
part  of  the  series  ot  class  d. 
The  corresponding  decrements  on  the  obtuse  solid 
angles  are, 

6. 
6. 

(DV  Hq  Dr  :  D'r  Hq  Dp). 

Decrements  on  the  lateral  solid  angles j  are  all  com- 
prised within  class  e. 

1.  Simple  and  mixed. 

E  represents  the  middle  plane  of  the  class. 
P  ^ 
£  is  the  symbol,  when  the  intersection  of  the 

planess  e  and  P,  is  parallel  to  the  oblique 

diagonal  of  P« 

When  the  lateral  planes  are  intei^ected 
bj  the  planes  e^  parallel  to  a  diagonal, 
the  sjmbol  will,  be  either  ^E  or  £^. 

2.  Intermediary.    General  symbol  (Bp  Gq  Dr). 

In  this  symbol  the  comparative  values  of /),  q^ 
and  r,  will  vary  according  to  the  positions 
of  the  planes  represented. 

Decrements  on  the  acute  terminal  edges. 

B  repi*esents  the  middle  plane  oi  class  g. 

p 

B  is  the  general  symbol  of  that  class. 


2  M 
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Decrements  on  the  obtuse  termin'al  tdget. 

D  represents  the  middle  plane  of  clasHf. 

p   . 

D  IS  the  general  symbol  of  that  class. 

I     Decrements  on  the  edges  of  the  prism* 

1.  On  the  lateral  edges  G. 

'G*  represents  mod,  k, 
^G^  .     .     •     •  class  L 

2.  On  the  oblique  edges  H. 

*H*  represents  mod.  h, 
*'H^  ♦     .     •     .  class  i. 


The  doubly  Oblique  Prism. 


Fig.  318. 


Decrements  on  the  solid  angles* 

The  planes  comprehended  under  class  c,  may  bo 

represented  by  the  following  symbols. 

p 

O,  when  the  decrement  proceeds  along  the  plane  P. 

PQ M. 

O** T. 

(Dp  Hq  Fr)  is  intermediary. 
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The  corresponding  planes  belonging  to  the  other 
dusses,  may  be  represented  as  follows. 

Class  by  A.  Class  c,  E.  Class  d,  I. 

^A.  PE.  'I. 

A^  £^  P. 

(Bp  hq    Cr).  (Bp  Gq  Dr).  (Fp  G'q  Cr). 


Decremenis  on  the  edges  may  be  expressed  as  follows* 


Class  €,  B. 


Class  fy  C, 


Class  g,  D. 

Class  i,  "H. 
H". 

Class  h,  F. 

Class  A,  'G. 
G^ 

Hexagonal  Prism. 

Fig.  319. 

A 

A 

--A 

b'    \a 

M 

i 

'w 

: 

m 
• 
• 

• 
• 

t 

*.... 

-^ 

p 
A 


Decremenis  on  the  angles. 

A  represents  the  middle  plane  of  the  series  be- 
longing to  class  a. 

•    •    •      the  other  planes  belonging  to  that 
class. 
^A"*    .     .     .     those  planes  belonging  to  class  6, 

whose  edg€is  intersect  the  planes 
M  parallel  to  a  diagonal. 
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(Bp  G%  B^  :  Br  Gq  B'p)  represents  thos^  planes 

of  class  b  which  are  produced  by 
intermediary  decrements^ 

D  represents  class  c. 
*G*     .    .     .    mod.  d.     . 
^G^    .    .    .   class  e. 

In  some  crystals  of  phosphate  of  lime,  the  planes 
belonging  to  class  b  occur  singly.  If  they  result  from 
simple  or  mixed  decrements,  their  symbol  would  be 
^^A**  or  ^A*',  according  as*  they  lie  on  the  left  or  right 
of  the  modified  angle.  And  if  they  are  produced  by 
intermediary  decrements,  their  symbol  might  be 

(Bo  Go  B'o  ;  Bq  Gp  B'r.) 


The  Rhomboid, 


Fig.  3S0. 


Simple  and  mixed  decrements  on  the  superior  angles. 
General  symbol  ^A'*. 

Ifp  zz  I,  the  symbol  represents  mod.  a. 

/)  ]]>  J, .     class  b. 

p  <^  Ij     ,     .     .     •     .     .     .     class  c. 
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,  Intermediary  decrements  on  the  superior  angles. 
(B'p  Bq  B"r  :  Bp  B'p  B"r)  represents  class  d. 

The  inferior  plane  angle  at  O,  and  the  lateral  plane 
angle  at  £,  both  belong  to  the  lateral  solid  angles^  all 
of  which  wre  similar  J  according  to  the  definitions 
ahfeady  given. 

The  planes  modifying  the  angles  at  E  are  therefore 
similar  to  those  modifying  the  angle  at  O,  but  are 
rcFeised  in  their  position  on  the  crystal.  The  laws 
of  decrement  producing  both  are  consequently  simi- 
lar. But  if  we  refer  the  decrements  producing  the 
planes  belonging  to  any  of  the  classes  e,  /,  g*,  A,  t,  k, 
ly  to  the  solid  angle  at  E,  the  symbols  representing 
them  will  differ  from  those  which  would  represent 
the  same  planes,  if  we  refer  the  decrement  to  the  solid 
angle  at  O. 

A  single  example  will  sufficiently  illustrate  this 
observation.  Let  us  imagine  the  lateral  solid  angles  of 
a  rhomboid  to  be  modified  by  two  planes,  which  inter- 
sect the  primary  plvLneQ  parallel  to  their  oblique  diagO' 
nals*  If  the  decrement  producing  these  planes  %vere 
referred  to  the  angle  at  £,  it  would  appear  as  a  sim- 
ple or  mixed  decrement,  and  its  symbol  would  be 
E'P  ^E.  But  if  it  be  referred  to  the  angle  at  O,  it 
might  be  i^egarded  eithei'as'a  simple  or  mixed,  or  as 
an  intermediary  decremefit,  of  which  latter  the  symbol 
would  be  (D'p  Dq  b"p  :  Dp  D'q  b"p).  If  we  regard 
these  symbols  with  a  little  attention,  we  shall  per* 
ceive  that  the  variation  in  their  form,  does  not  alter 
the  identity  of  their  character,  which  is  derived  from 
the  parallelism  of  one  edge  of  each  of  the  secondary 
planes  to  an  oblique  diagonal  of  the  primary.  But 
this  character  is  implied  in  the  supposition  of  a  sim- 
ple  or  mixed  decrement,    which  the    first  symbol 
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.  represents;  and  it  is  directly  indicated  in  each  branch 
of  the  second  sjmbol,  by  those  indices  which  denote 
the  abstraction  of  equal  numbers  of  molecules  in  the 
direction  of  the  edges  W  b",  and  D  b". 

The  Abb£  Haiiy  has  referred  sonie  of  the  planes 
which  modify  the  lateral  solid  angles,  to  the  angle  at 
*E,  and  others  to  the  angle  at  Q.  It  may  therefore  be 
convenient  to  possess  the  symbols  repcefienting  those 
•planes,  in  reference  to  both  angles,  and  they  will 
accordingly  be  given  below.  The  symbol  on  the  left 
represents  Ihe  modification  when  the  decrement  is 
-ireferred  to  the  angle  at  O,  and  that  on  the  right 
represents  the  same  modification  when  the  decrement 
is  referred  to  the  angle  at  £• 

I.  Simple  wfid  mixed  decrements  on  the  lateral  sdid 

angles^ 

1.  Producing  one  plane  on  each  solid  angle. 

General  symbols. 
.  in  reference  to  angle  C. 


O. 


In  referwce  to  angle  £• 
(Dp  B9  D"f). 


l(p  zz  2  qp  in  either  of  these  symbols,  mod.  e  is 

represented. 

p<^Sq) class  g. 

p^2  q^ class  k» 


S.  Producing  two  planes  on  each  solid  angle. 

General  symbols. 


»0^ 

(DV  b%  Dq  :  Dp  b"p  D'q). 
These  symbols  represent  the  series  of  planes  be- 
longiiig  to  class  h: 
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8.  Jfdermediary  decrements  on  (ke  Idterat  $oKd  awgtes. 

The  general  symbols  to  represent  the  modifications 

produced  by  these,  are, 

(D^p  b"r  D,  :  D'q  b"r  Dp).  J  (Dp  D"q  Br  :  Dq  D''p  Br). 

Urrzpj  the  symbol  represents  the  planes  be** 
longiog  to  class  A,  as  described  abovew 
r^  p^  the  planes  ot  class  i  are  represented* 
r  <CiPy  the  planes  of  cloiss  l^  and  class  f^  ar^ 
represented. 

Althongh  these  two  classes  are  represented  by  a 
common  symbol,  there  is  this  distinction  betweeft 
them ;  that  the  edge  produced  bj  the  intersection 
of  the  planes  belonging  to  classy^  is  always  paral- 
lel to  the  vertical  axis  of  the  rhomboid ;  and  that 
their  indices  p,  q^  and  r,  are  in  a  constant  ratio  to 
each  other,  as  will  be  shewn  in  the  appendix;  while 
the  planes  belonging  to  class  k  do  not  intersect 
each  other  parallel  to  the  axis  of  the  rhomboid,  nor 
is  there  anj  constant  ratio  between  their  indices. 

Decrements  on  the  superior  edges* 

General  symbol  ^**. 
If  p  r=  1,  the  symbol  represents  mod.  m. 
p^  I9 class  n: 

Decrements  on  the  inferior  edges. 

General  symbol  ^D^ 

Ifp  =  1,  the  symbol  represents  mod.  o. 
,p  ;>  1, class  p. 


It  may  be  remarked,  that  several  of  the  classes  of 
modifications  on  the  angles  of  some  of  the  primary 
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forma,  eoroprise  planes  which  are  produced  by  very 
difierent  laws  of  decrement*  And  it  may  possibly 
appear  to  some  of  my  readers,  that  difierent  classes 
ought  to  have  been  established  ibr  the  planes  pro* 
duced  by  the  several  Tarieties  of  laws.  But  this  would 
have  rendered  the  tables  of  modifications  less  gene- 
rally applicable  to  the  description  of  secondary  forms, 
independently  of  the  theory  of  decrements,  than  they 
are  at  present.  This  will  become  very  obvious  if  we 
refer  to  the  classes  a,  &,  c,  or  d^  of  the  modifications  of 
the  doubly  oblique  prisin.  All  that  can  be  known 
iof  any  individual  plane  belonging  to  either  of  these 
classes,  independently  of  calculation,  is  that  it  be- 
longs to  such  a  class,  and  inclines  on  two  of  the 
adjacent  primary  planes  at  particular  angles ;  and  this 
enables  us  to  record  the  particular  plane. 
•  If  we  refer  to  p.  S74,  we  may  perceive  that  the 
planes  belonging  to  either  of  those  classes  might  be 
produced  by  four  difierent  kinds  of  decrement. 

Let  us  suppose  that  we  have  observed  a  plane  upon 
a  doubly  oblique  prism  produced  by  one  of  those 
decremeiits.  As  it  replaces  the  solid  angle  O,  we 
refer  it  without  hesitation  to  our  present  class,  a. 

But  if  class  a  had  been  divided  into  four  classes, 
we  could  not,  without  previous  calculation,  know  to 
which  of  those  the  observed  plane  ought  to  be  re- 
ferred; and  the  measurement  of  the  crystal  would 
not  in  such  case,  enable  us  to  describe  the  secondary 
form,  by  the  assistance  of  the  tables  only. 

The  symbols  used  in  this  volume  to  represent 
planes  produced  by  intermediary  decrements,  contain 
indices  which  are  always  whole  numbers ;  whereas  the 
symbols  used  by  the  Abbe  Haiiy  to  represent  similar 
planes,  frequently  contain  frs^^tional  indices. 


mQf>lVJQATl0f»9. 
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Fig.  Sal. 


Tbeite  10^  however,  no  real  difference  jn  the  cbarae- 
ter  eoftferred  on  the  plane  by  the  two  methods  of 
represetitiog  it. 

The  only  differenee  between  them  consists  in  this ; 
the  indices  \&ed  in  this  volume  siitiply  give  the  cha- 
racter of  the  compound  molecule  by  whose  continual 
abstraction  the  new  plane  is  produced,  while  th^ 
Ahb6  Haiiy's  symbcd  supposes  this  molecule  com- 
pounded  of  several  other  ioiti pound  molecules. 

This  will  be  readily  understood  by  a  reference  tn 
the  above  figure,  ik^hich  we  fiihall  suppose  a  doubly 
oblique  prism^  with  an  intermediary  dc^crement  on 
the  solid  angle  at  O. 

Let  dee  represent  a  compotend  mpleeu)e.eoilsis4ing 
of  three  molecules  in  lieight,  four  in  the  direction  a  4^ 
and  six  in  the  direction  b  e,  and  let  U9  suppose  this 
the  molecule  abstracted  from  the  first  plate  super- 
imposed on  the  terminal  plane,  and  let  us  also  sup- 
pose that  two  of  these  would  be  abstracted  from  the 
second  plate,  and  so  on,  as  explained  in  p.  33  and  S3. 

The  edge  d  a,  in  the  above  figure,  corresponds 
with  the  edge  D  of  the  primary  form,  b  e  with  F,  and 
c/with  H. 

The  symbol  we  should  use  to  represent  the  plane 
produced  by  this  decrement,  would  be  (D4  H3  F6), 

2n 
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but  the  Ahh6  Hauy's  symbol  would  be  (D3  O  F3), 
and  would  be  understood  to  imply  that  the  compound 
molecules  abstracted  in  the  production  of  the  new 
plane,  consisted  of  smaller  compound  ones,  each  of 
these  being  three  molecules  in  height,  and  two  in 
breadth,  repeated  twice  on  the  edge  D,  and  three 
times  on  the  edge  F^ 

From  this  exposition  of  the  difference  between  the 
two  symbols,  it  will  be  readily  perceived  that  if  in 
the  Ahh6  Haiij's  symbol,  we  substitute  for  the  letter 
denoting  the  angle  on  which  the  decrement  is  con- 
ceived to  take  place,  that  which  denotes  the  edge 
upon  which  the  angle  of  the  new  plane  may  be  said 
to  rest,  and  place  the  number  used  by  him  to  express 
the  decrement  in  height,  which  is  in  this  case  the 
denominaior  of  his  fraction,  after  it  as  its  proper 
index ;  and  if  we  multiply  at  the  same  time  his  other 
indices  by  the  number  he  uses  to  express  the  decre- 
ment in  breadth,  which  is  in  this  case  the  numeraior 
of  his  fraction,  the  new  symbol  will  be  similar  in 
character  to  those  which  are  contained  in  thi^  volume. 

This  method  of  converting  the  form  of  the  one 
symbol  into  that  of  the  other,  may  be  considered 
general,  and  by  reversing  the  process,  the  Symbols 
given  in  the  preceding  pages,  may  be  converted  intq 
the  form  of  those  which  be  has  used. 
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CALCULATION  OF  THE  LAWS  OF 

DECREMENT. 

•      \ 

0 

..In  the. preceding  tsmctioas,  80ine  general  rules  liave 
been  giren  for  determining  the  class  of  primary  forms 
to  which  any  given  secondary  crystal  belongs,  and 
for  descrtlHng  the  secondary  crystal  by  means  of  the 
position  of  its  secondary  planes,  a»d  of  the  aft|^les  at 
wliich  those  planes  respectively  incline. on  the  piif 
mary.  ; 

The  following  is  an  outline  of  the  method  of  apply- 
ing the  theory  €»f  decrements  to  determine  the  reiaf 
tions  between  the  secondary  and  primary  forms  of 
arystab.^  f 

The  application  of  this  theory  wtU  embrace  .the 
following  problems. 

First^-^To  deiermine  ihe  law  ofdecfemefd  ty  zMck 
any  secondary  plane  is  producedy  dhe  elemefOt 
of  ihe  primary  form  being^  known,  and  the  angles 
at  which  the  secondary  plane  inclines  on  thp 
adjacent  primary  pUme&f  being  also  known. 

*  The  reader  of  thit  appendix  is  supposed  to  be  acquainted  with  the 
eleaienu  of  plane  and  tpherioal  tris;oiiometry9  and  wkh  the  use  of  llifc 
tables  Of  logarithms. 
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Second, — To  determine  the  angles  at  which  the 
secondary  plane  inclines  upon  the  adjacent  pri" 
mary  planes^  the  elements  of  the  primary  form^ 
and  the  law  of  decrement  by  which  the  secondary 
plane  is  produced^  being  known. 
Or  J  to  determine  the  particular  values  of  the  genc' 
ral  indices  given  in  the  tables  at  p.  254,  the 
inclination  of  the  secondary  planes  to  the  pri* 
mary  being  known ;  and  to  determine  those  in^ 
clinations  when  the  indices  are  known. 

The  elements  of  the  several  classes  of  primary  forms 
consist  of 

1st.  The  angles  at  which  'the  primary  planes  in« 
cline  to  each  other.  These  may  be  ascertained  bjr 
means  of  the  goniometer,  if  not  already  known. 
'  2d.  The  plane  angles  of  the  primary  planes.  When 
these  angles  cannot  be  ascertained  by  other  means, 
they  may  he  deduced  by  spherical  trigonometry,  fmm 
ihe  known  inclination  of  the  primary  planes  .to  each 
other. 

*  Sd.  Thte  comparative  lengths  of  the  primary  edges, 
and  of  such  other  lines  upon  or  within  any  crystal 
as  may  be  required  for  facilitating  our  eaknlatioas  of 
the  laws  of  decrement,  or  for  delineating  its  primary 
or  any  of.  its  secondary  forms.  The  methods  of  de- 
ducing such  of  these  elements  as  cannot  be  ascer- 
tained by  measurement  of  the  crystal,  will  be  des- 
cribed where  the  elements  of  the  several  classes  of 
'primary  forms  are  described. 

In  the  tables  at  p.  254,  Set.  tHe  letter  p  is  used  to  re- 
present any  whale  number,  or  fraction.  But  it  will  be 
more  convenient  for  oirr  present  purpose  to  represent 
simple  and  mixed  decrements  by  the  general  fractional 

index?-;  p  expressing  the  decrements  in  breadth^  and 
q  the  decrements  in  height. 
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'  It  has  been  already  i*eiiiarked,  that  one  half  the 
Binnber  of  planes  by  which  any  crystal  is  bounded,' 
are  generally  shewn  in  'front  of  the  engraved  figure 
of  that  crystal.    And  as  we  know  that  the  opposite 
angles,  edges,  and  planes,  which  are  supposed  to  form  • 
the  back  of  the  engrayed  figure,   are  respectively 
similar  to  those  which  appear  on  'its  front,  if  the 
decrements  on  these  be  described,  the  decrements  on- 
the  hidden  or  back  planes  may  be  conceived  to  be* 
described  also.    And  again,  as  the  law  of  symmetry 
requires  =  that  all  similar  angles  and  edges  shall  be 
similarly  modified,  if  among  the  modified  angles  and 
edges,  ^which  are  supposed  to  be  in /roiv^  of  the 
figure,  there  be  two  or  more,  similar  to  each  other,  it 
is  obviously  sufficient  to  investigate  the  decrement 
upon  one  of  these,  in  order  to  determine  the  character 
of  the  modifying  planes  upon  the  others. 

Decrements,  as  we  have  already  seen,  take  place 
OB  the  [edges  or  angles  of  crystals,  and  are  of  two 
principal  kinds  ;  one  of  which  produces  planes  inter- 
secting the  primary  planes,  in  lines,  of  which  one 
at  least,  is  parallel  to  an  edge  or  diagonal  of  one  of 
those  planes ;  and  the  planes  produced  by  the  other 
intersecting  the  primary  planes  in  lines,  not  any  of 
which  are  parallel  to  an  edge  or  diagonal  of  any  of 
those  planes. 

The  effect  of  both  these  classes  of  decrements  upon  the 
primary  form^  is  similar  to  that  which  would  take 
placcj  if  we  conceive  the  enlarged  crystal  to  have  been 
completed,  and  the  whole  of  the  omitted  molecules  to 
have  been  then  removed  from  it  in  one  mass. 

This  will  be  readily  perceived,  if  we  refer  for  an 
example  to  modification, a  of  the  rhomboid.  Let 
MS  conceive  a  rhomboid  of  a  given  dimension  to 
^iMre  been  formed;  and  during  its  further  increase  in 


^ 
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biilk>  a  rew  ctf*  moleetlles  i6  hftve  been  ilbstrticfed 
at  the  ugle  A  of  tbe  primaiy  fbrm,  frote  ike  first 
plate  of  moleoales  added  to  the  plaae  P,  and  an 
addUioiial  rew  to  liave'  been  abetiracted  froar  eadi 
suty^eediag  plate* 

As  the  three  plane  angles  which  concur  to  produce 
the  sdiid  angle  at  A,  Btesimilary  ti  similar  abttratiitm 
of  QHilecules  would  take  place  sinultaneooslj  from 
tht  plates  superimposed  on  c«cA  of  the  three  ad^ttbent 
pla»e4>  and  the  result  would  be  the  predocfioii  of  a 
taagjBnt  plane,  preseoting  at  ilft  surftce  the  ternioal 
solid  aaglea  of  the  moleeaies  belonging  to  Ummo 
plate$  which  had  been  added  to  the  smAller  rhoniK 

Oid,* 

^  iiet  us  next  suppose  that  instead  of  aajrabBtradioa 
of  mcdecules  from  the  superimposed  plates^  those 
plates  had  been  added  entire,  and  a  perfect  Milarged 
rhomboid  had  been  produced. 

Fig.  322. 


'  *  ft  will  be  reeoHectcd  that  tlie  molecules  are  so  tmall,  ai  to  oecaafon 

no  perceptible  difference  in  the  character  of  the  secondary  plane. 
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We  may  conceiye  it  poRsible  to  reduce  this  entire 
rhomboid  to  the  state  of  the  modified  one,  by  remov- 
ing, in  one  mass,  the  triangular  pyramid  of  molecules 
defgy  fig.  38^,  in  which  the  supposed  modified 
crystal  is  deficient. 

The  mass  of  molecules^  therefore,  in  which  any 
secondary,  form  is  deficientj  when  compared  with  its 
primary  form,  is  equal  to  the  number  of  molecules 
abstracted  in  the  production  of  that  secondary  form^ 
arranged  in  the  same  order  as  they  would  have  been^  if 
they  had  completed  the  enlarged  primary  form^ 

This  mass,  so  arranged,  being  all  the  addition  to 
the  secondary  form  which  would  be  required  to  com- 
plete the  primary,  will  be  called  the  defect  of  the 
primary  form^  and  it  will  be  shewn  presently  tka^ 
the  edges  of  this  defect  may  be  used  in  every  instance^ 
to  determine  the  decrement  by  which  the  secondary 
plane  is  produced. 


^\! 


For  the  purpose  of  illustrating  this  proposition 
further,  let  us  observe  the  change  which  would  have 
taken  place,  if  a  parallelepiped  of  any  kind,  either  right 
or  oblique,  as  a  4  c  rf  e,  fig.  323,  had  been  modified 
on  one  of  its  edges,  by  a  decrement  consisting  of  a 
single  row  of  molecules. 

whether  that  plane  exposes  the  edges,  solid  angles,  or  planes  of  the 
molecules. 

2o 
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Let  us  suppose  the  edg^e  i  k,  of  the  primary  form, 
to  be  to  the  ed^e  t  d,  in' the  ratio  of  m  to  n,  m  and  n 
being  any  niimbers  whatsoever. 

It  follows  fronfi  what  has  been  before  stated,  that 
the  ratios  of  the  corresponding  edges  of  the  molecules 
which  compose  this  form,  will  also  be  as  m  to  n;  and 
consequently  that  the  primary  edges  ard  composed  of 
equal  numbers  of  edges  of  molecules,  and  may  there- 
fore be  regarded  as'multiples  of^m  and  «,  by  sotfi^ 
indefinite  whole  nuihber. 

Let  US'' further  su|)p6d^' that  the  decrement  had 
begun  toaetat  the  edge  ^e  6,'andiiad  |)roceeded  along 
the  plan^  a  b't\  -  ' 

In  the  firfet  plate  of  molectrles  su'^ierimjposed  ori 
that  plane,  the  row  1  would  have  been  omittedl  In 
th^  second  plat^,'  the  addiUonal  vow  %.  In  the  third 
pliipte,  theamiticyrmlrbw  3,  Arid  iso  on.' 

Now  the  evident  result  of  these  abstractions  from 
the  several  superimposed  plates,  would  have  been 
the  production  of  a  new  plane,  a  b  gf^  replacing  the 
edge  h  t,  of  the  enlarged  crystal ;  and  the  triangular 
prism,  whose  base  is  the  triangle  b  if^  represents  the 
defect  of  the  primary  form  occasioned  by  this  decre- 
ment. 

But  it  is  obvious  from  the  figure,  that  the  ratio  of 
the  lines  i  f  to  i  b  of  the  defect,  is  as  3  m  to  3  if,  or 
as  m  to  n.     Hence  when  a  decrement  by  1  row  of 
molecules  takes  place  on  the  edge  of  any  parallelo-' 
piped,  the  ratio  of  the  edges  of  the  defect,  correspond- 
ing to  if  i  6,  is  similar  to  the  ratio  of  tho9e  edges  of 
the  primary  form,  of  which  these  are  respectively 
supposed  to  be  portions.    'And  as  the  edge  bf  of  the 
neiv  plane,  coincides  with  a  diagonal  of  the  molecules^ 
it  is  evidently  parallel  to  a  diagonal  of  the  plane  dike. 
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^^ 


Let  us  now  suppose  a  decrement  bj  2  rows  in 
breadth  to  have  taken  place  on  the  edge  of  a  similar 
parallelepiped.  If  we  imagine  the  first  plate  of 
molecules  which  is  superimposed  on  the  primary 
plane  to  be  deficient  in  two  rows  of  single  molecules ; 
and  if  we  imagine  two  additional  rows  of  molecules 
abstracted  from  the  second  plate,  and  so  on^  the  plane 
t  k  would  be  produced,  and  the  lines  t  g*,  g  k,  would 
be  the  edges  of  the  defect  of  the  primary  form  occa« 
sioned  by  this  decrement. 

'  Bui  it  is  evident  that  the  line  g*  A:  is  to  the  line  g  i, 
as  4  m  is  to  S  n^  or  as  2  m  to  fiy  this  being  the  ratio 
which  the  number  of  molecules  abstracted  in  the 
direction  gfj  bears  to  the  number  deficient  iq  the 
direction  of  g  d. 

From  these  example^  we  find  that  whenever  a 
decrement  takes  place  on  the  edges  of  any  parallelo* 
piped,  replacing  that  edge  by  a  plane,  the  edges  of 
the  defect  will  be  to  those  edges  of  the  primary  form, 
of  which  they  are  respectively  parts,  in  the  ratio  of 
the  numbers  of  molecules  abstracted  from  each  su- 
perimposed plate  in  the  direction  of  the  same  edges 
respectively;  and  that  such  ratio  will  express  the* 
law  of  decrement  by  which  the  new  plane  has  been 
produced. 

2o2 
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We  may  perceive  from  the  figures  323  and  324^ 
that  if  we  had  conceived  the  new  plane  to  be  pro- 
duced by  the  superposition  of  a  single  plate  of  mole** 
'  cules,  the  edges  of  the  defect  would  still  be  in  the 
same  ratio  to  each  other  as  if  the  new  plane  were 
produced  by  a  series  of  decreasing  plates.  We  may 
therefore  express  the  character  of  this  plane  by  the 
ratio  of  the  edges  of  the  defect  of  the  first  plate  of 
molecules,  consisting  of  one  or  more  molecules  in 
thickness,  according  to  the  nature  of  the  decrement. 


Fig.  325. 


;  Let  us  derive  another  illustration  of  this  propo- 
sition from  a  decrement  on  the  angle  of  a  parallelor 
piped ;  and,  to  render  the  example  more  general,  let 
us  9uppo8e  an  intermediary  d^rement  acting  on  that 
angle  to  have  produced  a  plane  a  b  Cy  fig.  325,  by  the 
ajbstraction  of  a  compound  moleculcy  consisting  of 
three  molecules  in  height,  two  in  the  direction  of  t  A^ 
and  four  in  the  direction  of  t  k.  If  we  suppose  the 
lines  i  it,  and  i  i/,  to  be  to  each  other  in  the  ratio  of 
in  tp  If,  and  the  line  t  h,  to  be  as  o,  the  corresponding 
'  edges  of  the  compound  molecules  would  consequently 
'be  in  the  same  ratio,  and  the  edges,  i  Cy  i  by  i  a,  of  the 
defectf  would  be  as  4  m,  3  n^  and  ^  o,  and  would, 
jffhen  divided  by  t»,  n,  and  o,  express  the  law  of  de- 
crement by  which  the  new  plane  is  produced. 


^       .  •    « 


I^BdBBilfiKT..  SOS 


t  Firom  tbese'  ^inimpks  k  appean  Aal  tbe  ed^e^  o/" 
Ao  defttt  'oftHe  primBryJbrm  are  muliifd^s  of  thti  cor^^ 
ft(qvmding\tdges  cfike  vwkcuks;  and  the  raim  of 
tim' edges  of  Urn  defectme  amsequenily  tnuUiples  of  ike, 
ratios  of  ike  corresponding  edges  of  the  primary  form. 

;  Fdr  let  the  ratio  of  t  /:  :  id^  whieli  is  that  otmin^ 


be  represented  by  the  fraction  -- 

n 

and  4be  ratio  of  ib  t  i  c  being  that  of  4  m  :  3  if,  be 

represented  by  the  fraction  ?-^.  ' 

S  n   ' 

It  is  evident  that  the  ratio  — ^  is  a  multiple  of 

3  fi 

m  m-    A 

-  wy  — . 

«         3 

.  Hence  the  problem  of  ascertaining  the  law  ofdecre-^ 
ment  producing  any  secondary  plane,  is  reduced  to  that 
of  ascertaining  the  ratios  of  the  edges  of  the.  defect,  of 
the  primary  form  occasioned  by  such  decrementt  and 
dividing  these  ratios  by  .the  ratios  of  the  correspond- 
ing edges  of  the  primary  form. 

We  may  also  discover  the  law  of  decrement  in 
some  particular  cases,  by  dividing  the  ratios  of  the 
edg^  of  the  defect,  by  the  ratio  of  an  edge  to  some 
other  line  upon  the  crystal. 

\yhatever  ratio  ive  may  use  for  this  purpose,  will 
he  termed  the  unit  of  comparison. 

This  unit  of  comparison  is,  generally,  the  ratio  of 
certain  edges  or  other  lines,  either  on  the  surface^  or 
jwsing  through  the  interior  of  crystals,  of  which,  pro* 
portional  parts  would  be  intercepted  by  any  new  plancy 
resulting  from  a  decrement  by  one  row  of  molecules. 
'  According  to  the  theory  already  explained,  the 
molecules  of  all  parallelepipeds  are  similar  parallcjo- 
pipeds,.  and  their  edgeis  are  consequently  propor- 
tional to  the  corresponding  edg^s  of  the  primary  form* 
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Hence,  wben  tbrouglt  the  operation  of  a  decrement 
on  an  edge  of  any  parallelepiped,  a  single  row  of^- 
molecules  is  abstracted,  the  parts  whidh  are  reniOTed 
flrom  the  two  edges  adjacent  to  that  on  which  th^ 
decrement  has  taken  {4ace,  will  be  proportional  to 
tbo^  edges  respectively }  and  the  ratio  of  those  eige9 
may  therefore  constitute  the  unit  of  comparison  for 
decrements  on  the  edges  of  parallelopipeds. 

If  a  decrement  take  place  by  dne  row  on  an  angles  * 
of  a  parallelopiped^a  single  molecule  is  first  abstracted 
from  its  solid  angle;  and  the  parts  thus  abstracted 
from  the  three  edges  which  meet  at  the  solid  ang^e,, 
are  respectively  proportional  to  those  edges. 

The  ratios  of  the  three  a^acent  edges  of  any  paral* 
lelopiped,  therefore,  may  be  taken  as  the  units  of 
comparison  for  determining  the  various  laws  of  d6» 
cremeot  on  the  angles  of  that  class  of  primary  forms* 

And,  by  analogy,  we  may  take  the  ratios  of  the  three 
or  four  edges  adjacent  to  the  solid  angles  ofang  class  oj^ 
primary  forms ^  to  express  the  ratios  of  the  edges  of 
the  defect  occasioned  by  a  decrement  by  one  row  oT 
molecules. 

But  other  lines  may  be  traced  on  some  of  the* 
classes  of  primary  forms,  proportional  parts  of  which 
will  also  be  intercepted  by  decrements  by  one  row  of 
molecules. 

The  ratios  of  these  may  therefore  be  taken  as  the 
tmits  of  comparison^  if  we  find  them  more  convenient 
for  our  calculations  than  those  of  the  primary  edges. 

When  the  edges ,  or  other  lines ^  from  whichthe  unii 
of  comparison  is  to  be  derived^  are  equal^  their  ratio 
will  be  =z  I,  and  in  this  case  the  lowest  whole  numbers- 
which  wilt  express  ike  ratios  of  the  edges  of  the  defect  of 
the  primary  form^  will  also  express  the  law  of  decrement,^ 

And' whenever  an  edge  of  any  primary  form  is  re- 
placed by  two  similar  secondary  planes,  as  in  mod.y" 
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t>f  Ae  tube  or  regular  octahedron,  or  g^,  or  t,  of  the 
:i^ht  rhombic  prism,  &c«  the  lines  whose  ratio  oon- 
«titates  the  anit  of  comparison  in  such  cases,  will 
always  be  equal. 

And  the  amis  of  comparison  for  determining  any 
Jaw  of  intermediary  decremeni^  willaboatfs  be  the  raiiot 
of  the  edges  which  meet  at  the  solid  angle  on  which  the 
^kcrement  has  taken  place. 

Fig.  326. 


To  ascertain  the  ratio  of  the  edges  of  the  defect  of 
the  primary  forniy  when  a  decrement  takes  place 
on  an  edge  of  any  parallelopiped,  fig.  336,  we  must 
suppose  the  inclination  of  the  primary  planes  to  each 
other  to  be  )cnown,  and  the  inclination  of  the  modi- 
fying plane  a  b  cf  to  the  primary  planes  P  and  T. 

Fig.  327. 


Now  to  determine  the  ratio  which  the  line  i  ft, 
bears  to  i  c,  we  require  the  angles  of  the  plane  tri- 
angle f  ft  c.  These  may  be  obtained  by  means  of  a 
spherical  triangle,  fig,  337,   wUose  angle  A  is  the 
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supptemeDt  of  the  mdtDatioB.of  K  on  iko^jpli^t 
»a  &»c)^  the  angle  B  the  incUnalion  of  P  on  T^.aM 
.the  angle^G  the  supplesient  id  the  indinalioa^j^f  T 
on  the  plane  a  b  cf. 

From  this  spherical,  trianjple  we  deduce  the  side  a, 
containing  the  required  angle  i  lb  c,  hy  the.  knowH 
formula,  « 

sin.  X  a=  R  j /— cos-  i  (A+B4>:C).  cos,^  (B44>^A» 
*  y  sin.  B.  sin.  0 

« 

Fig.  328. 

and  by   applying   the   ^ame  formula  to   a   second 
'fipherieal  triangle,  fig.  388,  whos^  angle 

C  is  similar  to  that. pf  the  preceding, 

B  is  the  inclination  of  M  on  T. 

A  the  supplement  of  M  on  the  plane  ahc  fy 
derived  from  actual  measurement,  or  deduced  from  the 
known  inclination  of  P on  the  plane  ab  c  fj  and  of  P 
on  M,  we  may  again  obtain  the  side  a,  which  contains 
the  other  required  angle,  f  c  b. 

Having  thus  deterjnined  fhe  two  plane  angles, 
i  b  Cy  i  c  by  the  ratio  of  i  ft  to  t  c  is  known  from  the 
analogy  between  the  sines  of  the  angles  of  triangles, 
and  the  sides  subtending  those  angles,  thus, 

/  J  :  3 c  : :  sin.  \/  icb  :  sin.  V  •  ^ ^•* 
Let  us  suppose  ik  z  id  :i  m  :  n;  m  and  n  being 
any  whole  nunibers  whatever,   and  being  alre^idy 
known  by  means  which  will  be  pointed  out  in  a  later 

part  of  this  appendix. 

'. '  •      .    -  •  " 

--  ^  '*^  Thit  lAark  V  I*  uted  to  cknote  (he  word  angle. 


If  the  new  plaae  has  resulted  from  a  deerement  on 
tlie  edge  h  iy  by  one  row  of  molecules,  the  lines  t  ky 
i  c«  must  also  be  to  each  other  as  m  to  if,  and  we 
should  then  have 

sin.  \J  icb  :  sin.  \J  ibc  i;  m  i  n. 

But  if  the  new  plane  has  resulted  from  a  decrement 
bjr  unequal  numbers  of  molecules  in  height  and 
breadth,  the  ratio  of  f  b  to  i  c,  should  be  as  /mt  U^ 
q  n ;  the  letter  p  representing  the  number  of  mole- 
.  cales  abstracted  in  the  direction  of  the  edge  t  kj  and 
q  representing  the  number  abstracted  in  the  directioQ 
of  the  edge  i  d. 

The  ratio  of  pm  :  qn^  may  be  expressed  by  the 

fraction  of  £-^,   which  is  evidently  the  product  of 
q  n 

?.  )^  _.    We  may  therefore  obtain  the  values,  of  p 
q        n 

and  q^  whatever  may  be  the  particular  values  of 

?-^and  -,   if  we  divide  2-^,  which  expresses  the 
qn  n  qn 

ratio  of  the  edges  of  the  defect  by  — ,  which  expresses 

n 

the  ratio  of  the  corresponding  edges  of  the  molecules^ 

or,  which  is  the  same  thing,  of  the  corresponding 

edges  of  the  primary  form. 

There  stre  two  methods  by  whiqh  this  division  may 
be  effected. 

The^rs^  is  by  finding  the  absolute  values  of  m  and 
It,  and  ofp  m  and  q  fiy  by  means  of  the  tables  of  na- 
tural sines,  &c.  and  then  reducing  thos^  ratios  to 
their  lowest  denominations  in  whole  numbers;  and 
^ftet  dividing  the  one  fraction  by  the  other,  reducing 
the  quotient  to  its  lowest  denomination  in  whole 
numbers*  The  quotient  so  reduced  would  express 
the  law  of  decrement. 

2p 
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Ab  an  exanple  of  tUs  method,  kt  os  «f)|>po8e 
we  have  found 

i  k  z  id  It  11  z  S 

therefore  ^  =  11. 

n         S 

And  let  us  suppose  the  ratio  of 

ib  :  ic  ::  sin.  V  icb  :  stiif.  v  t6c  ::  33  ;  16; 

then  we  should  have  £-?  =r  ^. 

q  n         16 

If  we  divide  the  second  fraction  bj  the  first,  the 
quotient  will  be  ^  X  ^  =  ^  =  5>  which  would 

give  a  law  of  decrement  by  three  rows  in  bfeeadth,  or 
in  the  direction  of  t  Ar,  and  two  in  height,  or  in  the 
direction  of  the  edge  t  d. 
If  we  now  suppose  the  edges  t  £,  and  ify  to  be 

equal,  it  is  evident  that  ^  becomes  equal  to  I. 

n 

Under  this  supposition  the  ratio  of  i  ft  to  j  c  might 
be  expressed  by  a  fraction  of  the  form  ^. 

Let  us  now  imagine  the  ratio  of  t  ^  :  ic  to  have 
been  found  as  I  :  3. 

This  would  indicate  a  decrement  proceeding  al6ng 
the  terminal  plane  by  3  rows  of  molecules  in  heig^ht. 

Ifwefindfft  z  jc  :z  i  I  3,  the  law  of  decrement 
producing  the  plane  from  which  that  ratio  is  deduced, 
is  by  4  rows  in  breadth,  and  3  in  height,  on  the  termir 
nal  plane. 

The  second  method  4>f  dividing  the  proposed  fracr 

tion  ^—  by  -  is  by  means  of  the  logarithms  of  the 
qn        n 

quantities  from  whence  those  ratios  are  dediiced. 
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L^ us  sttppoee  we  hare  found  i  k  i  i  diiKi  sin.  a, 

R 


we  should  then  have  ~  =  . 

n        sin.  a. 


and 


Log.  ..  =  Log.  R  — -  Log.  sin.  a. 
n 


Let  uft  also  suppose  t  ft  :  ic  ::  8in.\/icb  i\/An.ibCy 

then    .    .    PJH-^^mXiSA 

qn         sin.  V  t  ft^; 

and     Log.  ^^=z  Log.  sin.\/i  c  ft'— Log.  sin. V«  b  c. 

The  division  of  ^ —  by  —   is    effected  by    sub- 

qn         n 

tracting  the  logarithm  of  the  tatter  fraction  from 

that  of  the  former.    And  the  natural  decimal  number 

corresponding  to  the  resulting  logarithm,  will  bear 

the  same  ratio  to  1*0,  1*00,  1*000,  &c.  according  to 

the  number  of  decimal  planes  in  the  number  found, 

as  the  decrement  in  breadth  bears  to  that  in  height. 

Examples   of  the  application  of  this  method  of 

deducing  the  values  of  p  and  q^  will  occur  in  the 

course  ^f  this  appendix. 


Fig.  329. 


Let  us  now  eifquire-  h6w  'we  may  determine  the 
ratios  of  tbe  three  edges,  i  by  i  c^i  a^  fig.  329,  of  the 
defecl^  occasioned  by  a  decrement  on  one  of  the  angles 
of  a  parallelepiped. 

%v2 
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We  are  supposed  to  know  the  inclination  of  Ae 
primary  planes  to  each  other,  and  let 

P  on  M  be  called  J; 

P  — T    .    •    .    /, 

M  — T  .  .  .  I, 
We  may  fromi  these  readily  deduce  the  pbne  angles 
at  i  by  means  of  a  spherical  triangle ;  and  having 
measured  the  inclination  of  the  plane  ab  c  on  P, 
M,  and  T,  we  may  discover  the  plane  angles  at  a,  b^ 
and  c,  by  means  of  the  three  spherical  triangles 
marked  on  fig.  330. 


Fig.  330. 


In  these  triangles  we  known  only  the  angles,  which 
are  those  at  which  the  primary  planes  incline  to  each 
other,  and  the  supplements  of  those  at  which  the 
secondary  plane  inclines  on  the  adjacent  primary 
planes. 

The  plane  angles  at  a,  6,  and  c,  being  found,  we 
may  readily  discover  the  ratios  odb  z  ic^  and  i  A  :  tn , 
which  will  give  the  law  of  decrement  by  whidi  this 
modifying  plane  has  been  produced. 

Let  us  still  suppose,  i  kx  id  ii  m  in^    , 

and  ikiih  ::  mi  o^ 


m ,  m 


our  units  of  comparison  here  would  be   ~  and  - 

n         o* 

and  \ei  i  b  I  i e  II  p  m  I  q  n 

ib  :  i  a  i:  p  m  ire. 
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After  eflTecting  our  division  of  BJHi  by  ~,  and  of 

q  n  n 

^ilby-,  we  should  find 
ra  o 

ib  =  p, 

ic  =  qi 

*  i  a  ziz  r^ 

wUcli  would  imply  a  decrement  by  p  molecules  in 

the  direction  of  t  kj  q  molecules  in  that  of  t  d^  and 

r molecules  in  the  direction  of  ih. 

If  we  suppose  fig.  339  to  be  a  doubly  oUiqne  prism, 

the  letter  to  denote  the  edge 

t  h  would  be  D, 
t  k  ,  •  •  r^ 
t  (2     •     .     .      H, 

and  the  symbol  of  the  plane  ab  c^  would  then  be 

(Dr    E^    Hq). 

It  may  be  remarked  here,  that  tangent  planes  are 
generally  the  result  of  a  decrement  by  1  row  of 
molecules,  whether  they  replace  the  angles  or  edges 
of  those  classes  of  the  primary  forms  in  which  they 
occur. 

By  this  general  method  of  proceeding  we  may, 
when  we  know  the  inclination  of  the  primary  planes 
to  each  other,  and  of  the  secondary  plane  on  one  or 
more  of  the  primary,  diacover  the  law  of  decrement 
hj  which  any  secondary  plane. has  been  produced  on 
any  of  the  classes,  of  parallelopipeds ;  and  it  may  be 
adapted  also  to  all  the  other  classes  of  primary 
forms. 

We  shall  now  apply  it  to  the  several  classes  of 
Ikoae  forms  in  succession,  and  the  calculation  will  be 
foand  to  become  much.more  simple  in  its  application 
to  many  of  thos^  classes. 
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As  it  will  not  be  necessary  to  repeat  e?en  the  for- 
mulas in  all  the  cases  which  are  to  follow,  it  may  not 
be  useless  again  to  observe.that  when  a  law  of  decre«« 
ment  producing  'any  plane  is  to  be  determined,  the 
general  symbol  of  that  plane  is  io  be  first  discovered, 
and  then  the  particular  values  of  its  indices  to  be 
found. 

In  simple  or  mixed  decrements^  these  valuefr  are 
deduced  from  the  ratio  of  radius  to  tangent  a^  or  of 
sin.  a  to  sin.  b^  as  we  have  already,  seen;  a  and.fr 
representing  the  particular  angles  in  each  particiilar 
case. 

The  following  may  be  regarded  as  the  general  pro<» 
cess  for  determining  the  law  of  an  intermediart/  decrc" 
menu 

1st.  To  measure  the  inclination  of  one  of  the 
secondary  planes  on  two  of  the  adjacent 
primary  planes. 

2d.  To  determine  the  two  plane  angles  at  the  ter- 
mination of  the  greater  edge  of  the  djtfect 
of  the  primary  form  occasioned  by  the  plane 
we  have  measured. ' 

3d.  From  a  knowledge  of  these  plane  angles,  and 

.  of  the  planc^  angle&of  the^primaiy  planes^  to 

deduce  the  ratios  of  tke  edges  of  the  d^eei* 

4th.  When  the  primary  edges  are  unequal,  to  divide 
these  vatioB  .by  the  ratios  of  the  corre«pMid« 
ing  edges  of  the  primary  form,  and'  thiM  t» 
deduce  the  law  of  decrement. 

5th.  If  the  intermediary  decrement  has  taken  plac0 
on  an  octahedron,  to  determine  the  Jmrik 
edge  of  the  defect  by  a  method  which  will 
be  described  when  we  apply  ourcalcttlati< 
to  the  regular  octahedron. 
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It  will  be  recollected  that  in  framing  the  general 
symbol  of  any  secondary  plane,  we  are  generally  to 
leonsider  |)>  j'>  r>  *. 

By  carefully  pbserving  tbp  position  of  the  plane 
we  have  meMured,  and  whose  law  of  decrement  we 
require  to  know,  we  shall  feel  no  difficulty  in  adapt- 
ing an  appropriate  symbol  to  it^  And  having  found 
our  general  symbol,  we  may  readily  find  the  particu" 
far  values  of  these  indices  by  the  methods  already 
described,  or  by  such  as  will  be  detailed  in  the  suc- 
ceeding part  of  this  appendix. 


From  what  has  preceded,  the  method  will  be  rea- 
4ily  perceived  by  which  we  may  determine  the  ratios 
of  the  primary  edges  of  crystals,  if  we  assume  some 
observed  secondary  plane  replacing  an  edge  of  those 
forms  whose  terminal  edges  are  equa],  or  replacing 
an  angle  of  tbose  whose  tei*minal  edges  are  unequal, 
to  have  been  produced  by  some  given  law  of  decre* 
pttent. 

If  we  assume  that  a  plane  replacing  an  angle  or 
«dge  of  any  primary  form,  hais  resulted  from  a  decre* 
tnent  by  one  row  of  molecules,  we  determine  the 
ratio  of  the  primary  edges  by  discovering  the  ratio  of 
the  edges  of  the  defect  occasidtied  by  that  plane.  And 
if  we  assume  any  other  law  of  decrement  to  have 
produced  the  given  plane,  the  ratios  of  the  primary 
edges  may  evidently  be  determined,  by  dividing  the 
ratios  of  the  edges  of  the  defect  by  the  assumed  law 
of  decrement. 
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TffB  Cube. 

Its  elements. 

Tbe  iBclination  of  anj  two  adjacent  planosat  their 
comiiKm  edge  =  90". 
Plane  angles  r=:  90**. 
Edges  all  equal. 

Inelination  of  an  edge  to  an  axis  =:'d4''  44'  8'^* 
Ratio  of  aa  edge  :  |^  a  diagonal  :  s  3  :  V§, 

.     .     .    .     .    an  edge  :  an  axis  : :  1  :  VgJ 

//*  units  of  comparison. 

In  reference  to  decrements  on  the  edges,  the  unit 

is  =  !• 

«     •     •     •    •    simple  and  mixed  decrements  on 

Vq  1 

the  angles,  it  is  =  -^  1=  rp^» 

ffimple  and  mixed  decrements  on  the  angles. 

The  law  of  a  simple  or  mixed  decrement  on  any 
angle  of  a  cubcy  may  be  computed  by  means  of  an 
edge  of  the  primary  form,  and  half  a  diagonal  of  one 
of  its  planes.  The  -|  diagonal  being  used  to  measure 
the  decrements  in  breadth^  and  the  ed^e  those  in  keigki^ 


Let  us  suppose  a  cube  represented  by  figure  331, 
and  let  us  jmagine  a  simple  decremjpt  to  have  taken 


LAWt  OVUaCKBIfffNT.  905 


CUBE. 


place  by  1  row  of  mblecvles  on  the  aii|;le  afb.  The 
edges  of  the  defect  of  the  primary  form,  would,  in 
this  case,  be,  as  we  have  already  seen,  proportional 
to  the  €9rlretponding  edges  of  the  primary  form,  and 
^B^fat'conteqiiently,  if  the  secondary  plane  Were  suf- 
ficiently enlarged,  be  equal  to  those  edges.  The  edges 
'df  tiie  new  plane  might  therefore  coincide  #ith  the 
lines  a  by  a'Cy  b  c* 

If  we  now  draw  the  diagonal  g  fy  on  the  terminal 
plane,  we  shall  observe  that  one  half  of  it  is  inter- 
cepted at  the  point  A,  by  the  edge  ah  of  the  second- 
ary plane* 

As  a  decrement  by  1  row  therefore  intercepts  the 
half  diagonal  fhj  at  the  same  lime  that  it  intercepts 
the  whole  of  the  edges  f  a^fh^fc^  the  ratio  of/ A  \fc 
majr  be' assumed  ais  the  unit  6f  comparison  for  deter- 
mining  the  law  of  a  simple  or  mixed  decrement  oti 
the  angle  afb. 

JPfHT  let  lis  suppose  a  decrement  to  have  tafcen.)ilace 
otn  that  angle,  by  S  rows  in  breadth ;  if  this  decrement 
be  conceived  to  be  continued  until  the  edges  af  and 
b  f'i  are  again  intercepted  by  the  new  plane,  ft  is 
obvious  from  whiit  has  been  already  stated,  that  only 
one  half  of  the  edge/c  would  be  intercepted  by  the 
same  plane. 

Here  then  the  law  of  decrement  would  be  'ex- 
pressed by  the  ratio  o{  fh  :  \fc^  or  %fh  s/c;  and 
if  f  h  \  fc  be  represented  by  .rt  .:  wy  the  ratio  of 
fhifdy  should  be  as  2  m  :  17,  and  would,  thus  give 
the  required  law  of  d'ecrement  by  8  rows  in  bt^adth 
on  the  angle  a/ (. 

But  the  ratio  of /A  xfdy  is  that  of  radius  t  tang,  bf 
the  angle  fhd;  andy  A  (2  is  the  supplement  of  the 

4^  2o 
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angle  ghdy  the  inclinatioa  of  the  primary  to  the 
secondary  plane. 

The  ^planes  belonging  to  classes  b  and  c  of  the 
modifications  of  the  cube,  result  from  simple  aind 
mixed  decrements. 

XiOt  the  inclination  of  P  on  the  plane  b  adjacent  to 
it,  or  on  the  plane  c  which  rests  on  the  edge  between 
P'  and  P",*  be  measured  and  called  I\. 

Vpy  as  before,  be  used  to  represent  the  decrement 
in  breadth,  and  q  the  decrement  in  height,  then 

q        tang.(18(r— IJ 

Intermediary  decrements. 

The  general  symbol  representing  a  single  plane 
beloi^ng  to  class  d^  would  be  (Bp  B'' q  R'r).  And 
the  law  of  decrement  producing  a  particular  plane 
of  that  class,  would  be  discovered  by  finding  the 
Taluesof  j?,  9,  and  r,  in  relation  to  that  particular 
plane. 

Let  us  suppose  q^r. 

If  we  refer  to  the  tables  of  modifications,  we  shall 
observe  that  two  of  the  planes  which  have  the  d 
placed  upon  them,  rest  on  the  edge  between  P  and  P. 

Let  that  which  inclines  most  on  P',  be  measured  on 
P  and  P'. 

LiBtPonrf=Ja. 

Let  the  plane  angle  of  the  defect  corresponding  to 
tac,  fig.  329,  be  "called^,,  and  that  corresponding 
to  f  a  b  of  the  same  fig.  he  called  A,,. 

*  See  the  tables  of  modifications  whenever  the  classes  are  referred  to. 
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We  shaU  have  cos.  ^.  =  &•  f<»-  (ISO*  —  /.) 

810.(180°  —  /,) 

and    cos.A,=h^St^L=LLl 

sin.  (180*  — /.) 

The  plane  angles  being  thus  found,  we  have 
ai  z  ic  II  p  I  q  :i  R  t  tang.  A^ 
ai  :  i  b  i:  p  I  r  :z  R  :  tang.  A^. 
We  may  determine  these  particular  values  of  the 
ratios  of  p  i  q^  and  p  :  r,  by  means  of  the  tables  of 
natural  tangents,  or  by  logarithms. 

Decrements  on  the  edges  of  the  cube. 

Let  the  inclination  of  the  plane  P  on  the  plane/, 
or  A,  adjacent  to  it^  be  called  J^. 

and  P  =  ^      . 

q        tang.  (180'— J  J. 


Throughotit  the  remainder  of  this  appendix,  when 
the  law  of  a  simple  or  mixed  decrement  is  expressed  by 

^  the  letter  p  will  always  be  understood  to  denote  the 
decrement  in  breadthy  and  q  the  decrement  in  height. 


»         • 


2q  2 
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The  regular  TETRJMEBROIf. 


The  mutual  inclination  of  any  two  adjacent  plitnes 
at  their  common  edge  =  IV  8V  44/',  and  may 
be  called  /.. 

Plane  angles  =:  60%  and  may  be  denoted  by^^,. 
Edges  all  equal. 

Inclination  of  an  edge  a  c  to  a  perpendicular, 
abzn  54"  44'  8",  and  may  be  called  A^. 
Itaclination  of  an  edge  to  an  axis  zz  35*  15'  52", 
and  may  be  called  A^. 

Inclination  of  a  perpendicular  a  fr  to  an  axis 
=  19*  28'  16",  and  may  be  called  A^. 
Ratio  of  a  perpendicular 

a  6  :  an  edge  a  c  : :  ^ :  S. 

Its  units  of  comparison. 

The  unit  is  =  — ,  in  relation  to  simple  or  mixed 

decrements  on  the  angles. 
.    •    •    •  =  1,  in  relation  to  decrements  on  the 

edges. 
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Simple  and  mixed»ck€nemerU$cn  ihc  angles. 

To  determine  the  law  of  a  simple  or  mixed  decre- 
ment on  an  angle  of  the  regular  tetrahedron,  we  raaj 
assome  as  the  unit  of  comparison,  the  ratio  to  an 
edge  €1^  of  a  perpendicular  a  b  upon  the  base,  fig.  333, 
drawn  from  the  angle  a.  The  line  a  b  measuring  the 
decrement  in  breadth,  and  the  edge  a  c  measuring 
the  decrement  in  height. 

The  ratio  of  a  6  :  a  c  is  known,  from  the  relation^ 

of  the  tetrahedron  to  the  cube,  to  be  as  ^3 :  8. 

het  fgCj  fig.  333,  represent  a  secondary  plane  be« 
longing  to  class  6,  whose  inclination  to  the  primary 
plane,  which  is  obviously  equal  to  the  angle  b  de^ 
has  been  determined  by  measurement^  we  may  call 
this  angle  /,. 

In  the  triangle  ade,  we  have  the  following  angles, 

V  tfrfe  =  (180»  — /,), 

y  d  <j  €  =  (90*  —  iU  =  54*  44'  8",  which  we  have 

called  As,* 
\/  aed=(I^  —  J^). 

Whence 

ad  I  ae  II  sin.  (I^-^A^)  :  sin. (ISO* — /,)  iipm  z  qm. 

In  the  fraction  B!^,  -  represents  —. 

qn^  n  2. 

Dividing  therefore  ?j?^{l-"~4*>  by  ^,  we  shall 
^  sin;  180*^— /J.    '^    2  ' 

find  the  values  of  p  and  q,  /?,  representing  the  decre- 

ment'in  breadth  on  the  angle  a^  proceeding  along  the 

plane  a  ^  and  q  the  number  of  molecn^Ies  in  height 

confedponding  to  the  line  a  e. 

If  the  inclination  on  P,  of  any  plane  belonging  to 

dbssC)  wbi^^h  rests  on  the  edge^  between  P'  and  the 
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back  plane  of  the  figure,  be  known  and  called  J39  the 
preceding  formula  will  give  the  law  of  decrement 
producing  that  particular  modification. 

Intermedmry  decrements. 
Fig.  333. 


The  law  of  an  intermediary  decrement  on  an  angle 
of  the  tetrahedron^  is  determined  by  the  ratios  of  die 
defect  or  intercepted  portions  ae,  afy  ag^  of  the  three 
primary  edges  ab^  a  c^a  d. 

Let  efg^  fig.  333,  be  one  of  the  six  planes  pro- 
duced by  a  modification  of  the  tetrahedron  belonging 
to  class  d. 

The  general  symbol  representing  a  single  plane 
belonging  to  this  class  is  (Bp  B'q  B"r)>  p  representing 
the  number  of  molecules  contained  in  afy  q  the  num* 
ber  contained  in  a  g*,  and  r  the  number  contained 
in  a  €. 

To  determine  the  ratios  of  a  e  :  af  ;  a  g",  we  re- 
quire the  plane  angles  a/e,  afg%  from  which,  as  we 
know  the  angles  eafy  f  a  g^  we  may  deduce  the 
angles  a  c/,  agf. 

To  obtain  the  plane  angles  afe^  ^fS^  we  may 
have  recourse  to  a  spherical  triangle. 
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The  plane  repreBenting  class  J,  on  the  figure  in 
the  tables  of  modifications,  which  corresponds  to  the 
plane  e  fg  of  fig.  333,  is  that  which  rests  on  the  edge 
between  P  and  P'  and  inclines  on  P'. 

Let  the  inclination  of  this  plane  on  P  be  called  I^. 

.     .    • F    .     .    .  /..  N 

and  let  the  plane  angle  afe  he  called  A^. 
.......     afg    .     .    .    Ae* 

we  shall  have  sin.  |  ^^  = 


5 


V- 


-HiO8.tfJt+(180'--J4)+(180"--J5)3co8.tfJ,+(180*— Z^)— (ISO"— /^)] 

'  sin.  /i  Mn«  J^ 


and  sin.  f  ^f  6  = 

Y  sin.  J I  sin.  I^ 

Having  from  these  formula  deduced  the  angles 
A^  and  Ae^  we  hc^ve 

afz  a  g  ::  p  z  q  ::  sin.  (ISO'— -rfg)  :  sin.  A^ 

..  I  . sin-  ^6 

'  sin.  (ISO'— Afi) 

a  f:  ae  ::  p  I  r  ::  sin.  (120* — A^)  :  sin.  A^ 

,,  t  sin. -/^5 

'  sin.  (120^-4^) 

Hence  the  particular  values  of  j?,  9,.  and  r,  being 
found,  and  substituted  for  those  letters  in  the  general 
symbol  (Bp  B'q  B"r), 

we  shall  obtain  a  symbol  representing  the  particular 
plane  we  have  observed. 
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Decrement  oh  ike  edges*, 
Fig.  334. 


The  law  of  any  decrement  on  an  edge  of  the  regU' 
lar  tetrahedron,  maj  be  ascertained  by  means  of  the 
two  lines  a  b,  a  e,  drawn  from  the  angles  h  and  Cy 
perpendicularlj  on  the  edgefg,  on  which  Ihe  decre- 
ment is  supposed  to  take  place. 

The  primary  planes  of  this  figure  ]mng  equSaUrd 
triangles,  the  lines  a  b,  and  a  c,  which  are  perp^ 
dieular  to  the  edge/g*,  are  equal. 

The  angle  baCj  is  that  at  which  the  adjacent  pri- 
mary planes  incline  to^each  other,  and  is  alreadj 
known  and  called  /,  • 

Let  the  new  plane  de^he  one  of  the  planes  belong- 
ing to  mod.  /of  the  tetrahedron,  and  inclining  on  the 
primary  plane  P'  at  an  angle  which  we  shall  call  I^. 
And  let  d  a,  a  e,  be  the  portions  of  the  lines  a  by  acj 
intercepted  by  the  new  plane. 

In  the  triangle  d  a  e,  the  angle  aed,  is  =:(I80'— /a)? 
and  consequently  the  angle  a  dcy  is  (/g — /J. 

Wherefore, 
a  e  :  ad  ::  p  I  q  ::  sin.  (/^ — /J  :  sin.  (180"— i^e)- 

We  may  determine  p  and  9,  those  being  the  hwest 
whole  numbers  which  will  express  that  ratio,  by  the 
means  of  either  the  natural  sines,  or  their  logarithms ; 
and  when  determined,  they  will  express  the  law  of 
decrement  by  which  the  new  plane  has  been  pro- 
duced. 
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Its  elements. 

The  loclination  of  anj  two  adjacent  planes  at  tbeii* 
common  edge  =  lOS""  28'  16",  may  be  called  /,'• 
Plane  angles  rr  60%  may  be  csdled  A^ . 
Edges  all  eq.uaK 

Inelinatjoo  of  edge  to  edg($  measured  over  tbe 
solid  angle  90\ 

Inclination  of  plane  to  plane  measured  ot^r 
the  solid  angle  =  TO""  31'  44^',  and  may  be 
called  /«. 
Ratio  of  a  perpendicular 

a  6  :  an  edge  af  : :  "^  :  2* 

•    •     .  an  edge  :  |  an  axis  : :  ^ :  1. 

Its  unit  of  comparison 

Is  1,  in  reference  to  simple  and  mixed  decrements 
on  the  angles,  and  also  to  decrements  on  the  edges. 

Simple  and  mixed  decrements  on  the. angles. 

.  The  law  of  a  simple  «r  mixed  decpstueni  on  ihe 
angle  of  a,  regular  oethhedron  maybe  dctermined\by 
nieaiia  otf  theperpendicnlars  a  by  a  c,  dmwn  from  the 
fingle  «  upon  the  edges  ol*  the  base ;  whkb  perpen^ 

2  a 
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diculars  are,  from  the  nature  of  the  figure,  equal. 
We  know  the  angle  b  a  c,  which  we  «all  J,,  and  we 
are  supposed  to  know  the  angle  b  d  Cy  which  is  the 
inclination  of  one  of  the  planes  of  class  b  to  the  adja-* 
cent  primary  planes.     This  inclination  we  shall  call 
I^j  and  from  these  angles  we  may  deduce  the  angle 
d  e  ay  which  we  may  call  /^, 
Hence  we  have 
ad  :  a  e  ii  sin.  I^  :  sin.  (180" — /g)  •'•  p  •  q^ 
which  gives  the  law  of  decrement  by  p  rows  in  breadth^ 
and  q  rows  in  height,  on  the  angle  a,  proceeding  along 
the  plane  a  &• 

Intermediary  decrements. 

The  intermediary  decrements  of  the  regular  octa' 
iiedron  are,  as  we  have  already  seen,  of  two  kinds ; 
the  one  producing  the  modifications  class  c,  and  the 
other  class  d^  of  that  form. 

4 

Fig.  336. 


tn  the  modifications  class  e,  the  general  symbol 
representing  which  is  (Bp  B'q  bq  br),  the  edges 
^  ^9^  gi^  ^be  defect  of  the  primary  form,  are  equal, 
a  A  is  less  than  a  e^or  a  g*,  and  ajT greater. 

It  will  be  sufiicient  therefore  to  determine  the 
ratios  of  a/  to  either  a  e  or  a  gy  and  to  a  A.    For 
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this  purpose  let  us  imagifte  the  defect  of  the  primaiy 
form  to  be  divided  by  a  plane  passings  through  the 
edges  a  A,  af,  and  let  a  hfg  represent  one  half  of  this 
defe(^. 

The  inclination  is  known  of  P  on  P',  and  called  I^^ 
and  of  the  new  plane  on  P',  which  we  shall  call  I^. 
Hence  from  a  spherical  triangle  whose  angles  are 
90%  i  /,,  and  (180° — J^),  we  may  deduce  the  plane 
angles  afgy  af  A,  which  we  shall  call  A^  and  A^. 

The  formulae,  for  this  purpose  are  the  following : 
r«s  A    -  cot>i/.>cot.(180--^J,) 

sin.  I  /j 

we  know  the  angle /a  g  =  60"* 

fah  =  90'' 

whence  we  deduce 

afi  a  g  ::  sin.  (120" — A^)  sin.  A2 

sin  A. 


..  1   . 


in.  (l^O**— ^J*'  ^  *  * 


sin 


and  afi  ah  ::R  i  tang.^ 


8 


,      tang.  Ao 

and  by  substituting  forp,  q^  and  r,  in  the  general 
symbol  of  the  class  of  modifications  to  which  this 
plane  belongs,  these  particular  values,  we  shall  obtain 
the  symbol  of  the  particular  plane  we  have  observed. 


2r2 
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The  law  of  an  intermediary  decrement  producing^ 
any  modification  belonging  to  ciass  dj  may  be  thus 
discovered. 

Letfg  h  iy  fig.  337,  be  one  of  the  planes  of  that 
class,  and  let  its  inclination  on  P,  and  on  P',  which 
IS  supposed  to  be  known,  be  called  I^  and  I^ . 

The  symbol  to  represent  this  plaQe  would  be 

(Bp  b'q  B'r  b.), 

p  representing  the  number  of  molecules  contained 

in  the  line  a  ^  of  the  above  fig. 
q     •     .     »     •    a  hy 
r    .    .    .     .    a/y 

The  spherical  triangle  marked  on  the  fig.  at  P  P, 
will  give  the  plane  angles  a  gf  and  a  g  h,  which  we 
may  denote  by  ^^*and  A^,hy  means  of  the  following 
formulae. 

sin.  \  A^zn 


V 


-T-COg.M(180^— J6)+J|  ^r(l80"— Jy )]  CX18.tf  (18Q''r-Jg)-f  Jfr-(iay~Jy)J 

sin.  (180^— /6)8in./,. 


sin.  1^^  ~ 


V 


~cos.i[  (180'— J6)+(180^— Jy  )+J  I  )3cos.tf  (180"— Jy  )4-/x -(180 -^6)1 

sin.  (180-— /7)8in./i.  ~  ' 
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Wkwce  ve  QMiy  deduee  the  particular  values  of  py  q^ 
404  r,  from  tbe  ratios  o(a  g  :  ahf'  and  a ^  :  af. 
ag  t  ahii  sin.  (lSO''^*-*w^,)  i  9inA^ 

sin,  (180^— ^P      ^    ^ 

a  g  :  af  ::  sin.  (120"— -4^)  :  sin  A^ 

,  sin.  Jl.  ■ 

sin.  (120*— ^  J      ^ 
The  value  of  s  may  be  found  from  the  following 
equation, 

s        q        r        p 


This  equation  may  be  thus  derived. 

Fig.  338. 


Let  a  i  e  c,  fig.  838,  represent  a  sedion  passing 
through  the  axis  of  any  octahedron  whose  terminal 
edges  are  equal,  and  through  four  of  tho^  eidges. 
And  let  the  lines  g  t,  A/,  be  equal  to  lines  wiiich 
might  be  drawn  on  the  plane;/*g;  h  i,  ^.  337,  from  g 
to  t,  and  from  h  iof.  Both  these  lines  will  evidently 
cut  the  axis  at  the  same  point,  which  we  may  call  m. 

If  we  draw  g  n  parallel  to  a  t,  we  l^ave 
gn^z ga  I  ai  \x  au'^amx  am. 
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.  But  from  the  structure  assigned  to  the  octahedroD^ 
it  is  evident  that  the  axis  a  o  represents  double  the 
number  of  molecules  that  are  represented  by  an  edge 
a  bf  and  we  may  therefore  in  relation  to  the  numbers 
of  molecules  represented,  consider 

anz=:2g  a. 
Hence  g  a  i  a  i  ::  2  g  a  —  a  m  :  am. 

and   g  a-\-a  i  :  a  i  i:  2 g  a  i  a  m. 

From  this  ratio  we  find 

a  m  =1  — 2 — J 

g  a  +01. 

And  by  a  similar  proceeding  we  shall  find 

2  ha  •  af 

am  zz:  ' 


Therefore 


A  fl  -J-  af. 
2ga  .  ai 2ka  .  af 


ga'\'ai        ha-^af. 
And  2ga  .ai  :  ga-^-ai  :i  2ha  .  afi  h  a-^-af 

2ai  :  1  +  ^  ::2a/:I  +  ?Z 

ga  ha 

1         :  — .+ s:  1  :   -^+  r- 

ai       ga  af       h  a 

Therefore    —.  + —   =         -|-  _. 
at       g  a        af       h  a 

and,     _  =  _+--  —  _ 
at        af       ha        ga 

whence  — •=  -  4- • 

S  T  9  P 

*  This  formula  was  mentioned  to  me  in  converntion  by  Mr.  Iatj, 
some  montht  before  it  occurred  to  me  as  the  result  of  the  investigation 
given  in  the  text.  But  it  was  mentioned  without  any  allusion  to  the 
meansl>y  which  it  had  been  obtained ;  and  these,  I  since  learn  from 
Mr^L.,  were  different  from  those  employed  above. 
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Decrements  on  the  edges  of  the  regular  octahedron. 

Fig.  339. 


The  inclination  of  one  of  the  planes  of  class  ^  on 
the  primary  plane  adjacent  to  it,  being  known  and 
called  I^y  the  angle  a  edy  fig.  339,  becomes 

(180*  — /a), 
and  ae  I  ad  M  sin.  (/g  — /,)  sin.  (180* — /g)  •'  P  •  9^ 
which  will  give  the  law  of  decrement  producing  the 
particular  plane  we  have  measured. 
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t  *   - 

Its  elements. 

The  iDclinatioit  of  any  two  adjacent  planes  at  their 
common  edge  =  120%  to  be  called  /.. 
Obtuse  plane  angles  =  109'  28'  16",  may  be 
called  ^t* 

Acute  plane  angles  ==  70"*  31'  44",  may  be 
called  A^. 
Edges  all  equal. 

Inclination  of  edge  to  edge  measured  over  the 
summit  =  109'  28.'  16",  may  be  called  A^. 
Inclination  of  plane  on  plane  measured  over 
the  summit  =:  90% 

Inclination  of  an  edge  to  the  adjacent  lesser 
diagonal  =  125*  16'  52",  may  be  called  A^. 

Ratio  of  an  edge  :  |  a  greater  d  iagonal : :  ^3 :  ^2. 

an  edge  ;  \  a  lesser  diagonal  :t  ^ :  1. 

an  edge  :  greater  axis  ::  ''^S  :  4. 
an  edge  :  lesser  axis  ::  1  :  2. 

greater  diagonal ;  greater  axis : :  ^:  2. 

lesser  diagonal :  lesser  axis  ::  I  :  '^. 

Its  units  of  comparison. 

For  simple  and  mixed  decrements  on  the  acute 
angles,  or  on  the  edges,  the  unit  is  z=  1. 

For  simple  or  mixed  decrements  on  the  obtuse 

angles,  it  is  -^,  being  the  ratio  of  f  a  lesser  diagonal 

to  an  edge. 

After  the  ample  illustration  which  has  been  given 
of  the  methods  proposed  for  determining  the  laws  of 
decrement,  it  will  not  be  necessary  in  future  to  do 
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much  more  than  to  indicate  the  results  of  their  appli- 
cation to  new  cases. 

This  may  generally  be  effected,  by  giving  the  gene- 
ral symbol  of  each  particular  class  of  planes,  and  the 
formulae  which  are  required  for  determining  the  par« 
ticular  values  of  the  general  indices  of  each  class 
respectively. 

Fig.  340. 


Simple  and  mixed  decrements  an  the  obiu$e  angtes* 

General  symbol      | 

q   H 

Let  the  inclination  of  P  on  a  plane  of  class  /  adja- 
cent to  it,  or  on  the  upper  of  the  three  planes  on 
which  g  is  placed,  be  known  and  called  I^,  and 

pm  sin.  (Ja  —  A^) 

q  n  sin.  /« 

If  we  divide  ^—  bj-^y  being  the  particular  value  of 

qn     •'Vg 

?  in  this  case,  we  shall  obtain  the  particular  valu^ 
n 

of  p  and  q^  and  hence  the  law  of  decrement  prodacing 
the  plane  we  have  measured. 

8s 
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Intermediaty  decrements  on  the  obtuse  solid  angles. 

On  referring  to  class  h  of  the  modifications  of  this 
form,  we  shall  perceive  that  two  planes  rest  on  the 
edge  between  P  and  P'. 

Let  the  plane  which  inclines  most  on  P  be  mea- 
sured on  P  and  on  P'.    Call  its  inclination  on  P,  I^^ 

onP",/,. 

The  symbol  representing  this  plane  would  be 

(Bp   Bq    B  'r). 

To  determine  p,  q^  and  r,  we  must,  as  we  have 
done  for  the  tetrahedron,  find  the  two  plane  angles 
of  the  defect,  which  we  shall  call  A^  and  A^y  by  the 
formulae 

sin.  \  A    '=: 


V 


-h;o6.^[  (180'— J3  )J^I ,  4.(180"— /4  )  ]co8.i[  (180'~/3  )+ J  >  —(ISQ'-/^)  ] 

sin.  (180-— /a)  sin.  /, 


sin.  f  ^6  = 


V- 


;o8.4[(18y— /4)+J>+(180"— /3)]cos.i[(18y— JJ+/>— (180'-J3)] 

sin. (180* — I^)  sin.  /, 


Whence  j}  :  q  ::  sin.  [180* — {A^-\-A^)]  :  sin.^^ 

p  I  r  x:  sin:  [180'^yf  ^-["-^e)]  •  ^in.^e 
And  the  particular  values  of/?,  9,  and  r  thus  found, 
being  substituted  for  those  letters  in  the  above  gene- 
ral symbol,  we  shall  obtain  the  particular  symbol  of 
the  observed  plane. 

It  thus  appears  that  the  formulae  used  for  deter- 
mining the  lawS' of  decrement  on  the  obtuse  solid 
angles  of  this  figure,  are  similar  in  character  to  those 
applied  to  the  determination  of  decrements  on  the 
solid  angles  of  the  tetrahedron. 

This  results  from  an  analogy  which  subsists  between 
these  solid  angles  in  the  two  forms.     For  the  lines 
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gh.  g »,  h  t,  in  fig.  340,  may  be  regarded  as  edges  of 
the  base  of  an  irregular  tetrabedvon,  of  which  the 
obtuse  solid  angle  would  be  the  summit. 


Simple  and  mixed  decrements  on  the  acute  angles. 

An  analogy  similar  to  that  which  subsists  between 
the  obtuse  solid  angle  of  this  form  and  the  solid  angle 
of  the  regular  tetrahedron,  will  be  found  to  subsist 
between  its  acute  solid  angle  and  the  terminal  solid 
angle  of  an  octahedron.  For  the  lines  da^  afy  may 
be  regarded  as  edges  of  the  base  of  an  irregular  octa- 
hedron, and  obviously  of  one  with  a  square  base. 

Let  the  inclination  of  P  on  an  adjacent  pliane  of 
class  6,  be  known  and  called  I^ 

The  inclination  of  P  on  F  is  90*. 


whence  r-=r 


R 


q         tang.  (ISO*--/^) 

Intermediary/  decrements  on  the  acute  solid  angles. 

.  These,  like  those  on  the  octahedron,  are  of  two 
kinds,  and  produce  the  planes  of  mod.  c  and  d. 

Let  P  on  one  of  the  planes  belonging  to  mod.  a  be 
measured,  and  its  angle  called  I^, 

Its  symbol  might  be  (Bp  Bq  b'q  br),  and  those 
indices  may  be  determined  by  the  method  adapted  to 
the  corresponding  plane  on  the  regular  octahedron ; 
observing,  however,  that  as  the  plane  angles,  and  the 
mutual  inclination  of  the  primary  planes,  vary  from 
those  of  the  regular  octahedron,  there  will  be  a  cor- 
responding variation  in  the  terms  of  the  ratios  which 
give  the  values  of  p,  9,  and  r. 

2s2 
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The  symbol  represeating  the  upper  plane  belong- 
ing to  class  by  of  the  two  on  which  b  is  placed,  and 
which  rest  on  the  edge  between  P  and  P"^  ia 

(Bp  B'q  br  b'.). 

Let  the  inclination  of  this  plane  on  P  be  called  Ij 

P"    .      .      .  Is 

A  spherical  triangle  will  give  the  values  of  angles 
corresponding  to  A^  and  jl^  of  the  regular  octa- 
hedron, and  from  these,  the  particular  values  of  p^ 
q^  r,  and  Sy  may  be  deduced  by  the  methods  pointed 
out  in  reference  to  the  analagous  decrements  on  that 
form. 

Decrements  on  the  edges. 

Let  the  inclination  of  plane  P  on  one  of  the  planes 
ky  adjacent  to  it,  be  called  /,• 

and  t  =  ""•  g.-lgO-) 
q        8in.  (180*— I,) 
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Fig.  341. 


Its  elements. 
The  iDclination  of  the  planes  at  the  terminal  ed^es 
will  differ  in  different  minerals,  and  ma;  be 
lepresenled  generally  by  /,. 
IncliuatioB  of  the  planes  at  the  ed^ea  of  the 
base  wilt  also  vary  in  different  minerals,  and 
may  be  called  /,. 

Plane  angles  at  the  summit  will  also  vary,  but 
they  may  be  denoted  generally  \ty  A„  and 
may  be  thus  deduced, 

,   .    R.  COS.  45' 

sin.  \  I, 
It  is   by  means   of  the  upper  spherical 
triangle  marked   on   the  fig.  that  we  are 
enafaJed  to  determine  the  angle  A,. 

For  if  rf  k  represent  |  the  axis,  rf  c  a  per- 
pendicular on  the  base,  and  hk  {&  diagonal 
of  the  base,  the  angles  of  the  spherical  tri- 
angle will  be  90°,  45\  and^  /,■  And  thence 
the  angle  edhy  which  we  have  called  \^A, 
is  deduced. 
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The  plane  angles  at  the  base  are  consequently 

=  90"  —  i  -4|)  and  may  be  called^^* 

Terminal  edges  are  all  eqaal. 

Edges  of  the  base  are  all  equal. 

Ratio  of  a  terminal  edge  :  an  edge  of  the  base 

::  sin.  ^2  '  sin.  A^. 

Ratio  of  an  edge  d  h  :  b.  perpendicular  on  the 

base,  dcj  ::  R  :  cos.  i  A^. 

Inclination  of  an  edge  on  the  axis  may  be 

called  A^y  and  may  be  thus  found. 

COS.  -^3  =  COS.  I  /, 

The  same  spherical  triangle  from  which 

we  have  determined  the  angle  A^^  maybe 

used  to  determine  ^3,  which  in  the  above 

fig.  is  the  angle  k  d  h^  and  is  the  hypothe- 

nuse  of  that  triangle. 

'        The  known  formula  to  determine  ^3  is 

^          cot.  i  I.  cot.  45" 
COS.  A^  = ^ — L- 

'  R 

But  as  cot.  45"  =  R,  this  evidently  becomes 
COS.  Aj^  zr  cot.  f  /, . 
Inclination  of  edge  on  edge  over  the  summit 
will  consequently  be  1=  2^3. 
Ratio  of  I  a  diagonal  of  the  base  :  |  the  axis 
::  tang.  A^  :  R. 
The  relation  of/,,  I^j  and-rf^,  maybe  thuff  ex- 
pressed, 

cos.  i  /,  =  COS.  ^,  tang,  x/, 

^  R 

We  may  observe  that  the  angles  of  the 

spherical  triangle  marked  at  the  base  of  the 

fig.  are  f  /,,  J  /,,  «nd  90",  and  that  the  side 

d  h  e,  which  we  have  called  A^^  is  the  hypo- 
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thenuse  of  the  triangle ;  and  hence  results 

the  relation  we  have  given. 
From  which,  if  any  two  of  these  angles  be  known, 
the  third  may  be  immediately  found. 
Hence   it   is   apparent  that  the  angle  /,   being 
known,  all  the  other  elements  of  the  form  may  be 
known  also.     ^  , 

Its  units  of  comparison. 

The  unit  of  comparison  is  =  1  in  reference  to  the 
following  decrements. 

Ist.  Those  which  affect  the  terminal  angles,  the 

four  edges  of  the  pyramid  being  equal. 
2d.  Simple  and  mixed  decrements  on  the  lateral 
angles  ;^  these  being  measured  by  the  pro- 
portions intercepted  of  the  equal  lines  h  g^ 
h  t.  drawn  from  the  angle  h  perpendicularly 
on  the  edges  ay  and  dc. 
3d.  All  decrements  on  the  terminal  edges,  which 
are  measured  by  the  proportions  intercepted 
of  the  equal  lines  ba^b  e. 
4th.  Those  on  the  edges  of  the  base,  which  are 

measured  on  the  lines  e  d,  ef. 
But  in  relation  to  intiermediary  decrements  on  the 
lateral  solid  angles,  the  unit  is  constituted  of  the 
Kitio  of  the  terminal  and  lateral  edges  ;  which  is  evi- 
dently that  of  sin.  A^  :  sin.  A^. 

Simple  and  mixed  decrements  on  the  terminal  angles. 

If  we  measure  the  inclination  of  P  to  the  adjacent 
plane  belonging  to  class  £,  and  call  the  angle  I^y  we 

have 

p  _  mn.C/g+J.—lSO'^) 

q^       sin.  (180"— /a j^ 
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Intermediary  decrements  an  the  terminal  soHd  angles. 

If  we  measure  the  inclination  of  one  of  the  planes 
of  class  c,  on  P,  or  of  class  d  w^F  and  P',  we  may 
determine  its  law  of  decrement  by  means  of  formulae 
similar  to  those  which  have  been  used  for  the  analo- 
gous modifications  of  the  regular  octahedron. 

The  calculations  relative  to  decrements  on  tbe 
lateral  angles  of  this  form,  require  a  little  additional 
illustration. 

Fig.  548. 

4t 


Let  the  inclination  on  P  of  the  plane  k  Im^  fig.  348, 
which  represents  one  of  the  planes  of  classy^,  be  de- 
noted by /^.  I 

A  spherical  triangle  will  giTe  the  plane  angle  of 
the  defect  a  k  ly  which  we  may  call  ^^,  by  means  of 
the  formula 

COS.  A^  =  cot.  I  J,  cot.  (180"— f^). 

R 
whence  ak  :^al  i:  p  i  q  may  be  readily  found,  and 
am  z:z  r  may  be  thus  determined. ' 

r        q        p 
Let  nop  s  represent  a  plane  belonging  to  class  gy 
whose  inclination  on  P  is  known  and  called  J^. 
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We  now  require  the  plane  augle  oni  o(  the  defect^ 
which  being  denoted  by  A^^  may  be  thus  found, 

COS.  ^6  =  cot.  I  /,.  cot.  (180 — I^) 

From  this  angle  and  o  t  n^  which  we  have  called 
^29  tbe  ratio  may  be  found  o(t  n  it  o  ii  p\  q^ 
and  r  may  be  determined  as  before. 

The  planes  of  class  h  result  from  simple  and  mixed 
decrements  On  the  lateral  angles.  Let  I^  represent 
the  inclination  on  P  of  one  of  the  planes  h  adjacent 
to  it,  and  the  law  of  decrement  may  be  thus  determined, 

p  _  sin,  (/^-f/^— 180°) 
J  ""     sin.  (180^— ig) 

Let  q  r  p  Sy  fig.  343,  represent  a  plane  belonging 
to  class  i  or  ky  whose  general  symbol  would  be 

(Bp  Dq  D'r  B'. :  Bp  Dr  D'q  B'.) 
and  ijts  inclination  oh  P  be  called  J^,  and  on  P',  /g. 
A  spherical  triangle  will  give  the  plane  angles  r  t  q^ 
rtpy  and  hence  the  following  ratios  are  known, 

tr  I  t  q  i\  p  m  I  qn 
t  r  :  t  p  ::  p  m  I  r  n 

And  if  we  divide  ?. —  and  P. —  by  -^—I — i,   the   par- 

qn  rn         sin.^, 

ticular  values  of  jp,  q^  and  r  will  be  foupd. 

The  fourth  index  «,  may  also  be  known  from  the 
equation, 

L  =  L  4-  1  —  I 
s    '      q         r         p 

The  decrements  on  the  edges  may  be  determined 
by  the  genei*al  methods  applied  to  analagous  decre- 
ments on  the  regular  octahediron. 
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Tme  Octahedros  with  z  rectangular  base. 
Fig.  343. 


Its  elemtnts. 

The  inclination  of  the  planes  at  the  terminal  edges 
may  be  denoted  b;  /, . 
incliuetioa  of  the  plane  P  on  P',   nay  be 
called  /,. 
.    .    .    .    .     .    .    .    M  on  M',  .   .    .  /,. 

Plane  aflgle  dfb,  fig.  313,  may  be  called  J,, 
and  may  be  thus  knoirn, 

tong.f^,=!i5dZLjj£2Mi. 

Plane  angle  &ye,,  being  called  A^,  may  be 
thus  determined, 

i..ig.M.  =  "''*\°°'*-^'    ■ 

The  first  of  these  equations  is  thus  dwived. 
The  angle  hfb  in  th^  above  fig.  represents 

*/« !W-i/.. 

hfi \A.. 

gfi  .......    90=-i/,. 

B»t/g  :/*  "  R  :  «ec.  (SO'— }  A) 

fg:hb  =  gi  :■.«.:  tailg.CW-j/,) 
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Wfaenoe 

fh  I  Ab  ::  6ec.(90''^f/a) :  tattgv<9CP— 1/3 ) 
andjTA  :  Ai  ::  R  :  tiang.  :|^j 
Therefore  . 

tabg.  iA,  :  R  ::  taog.  (90"—! /,) 
:  see.  (90°— i/i) 

tang.M.=»'^^"g'<g9^-*^3) 
®  8ec.(90"— f  ij 

But  as =  -«-, 

sec.         R 


and  tang.  90'''-^-a  =  cot.  «r, 
the  equation  becomes 

tang.  M.  ==  22!ll£OWJ^«MZ. 


.8in.|/g.  cot.  |/ 


3 


R 
The  setond  eqitaiion  must  evidently  be  simi- 
lar in  its  character  to  the  first,  but  substituting 
/g  and  /a  for  T,  artd  73. 
The  terminail  edges  equal. 

Rati6  of  a  terminal  edge  :  a  perpendicular  on 

the  base  of  plane  P  ::  R  :  cos.  i^,. 

Ratio  of  a  terminal  edge  :  a  perpendicular  on 

the  base  of  plane  M  :t  R  :  cos.  4  A^, 

Ratib  of  a  tenninai  edge  :  a  greater  edge  of 

the  base  ::  R  :  2  sin.  |  ^  1  • 

Ratio  of  a  terminal  edge  :  a  l6sser  edge  of 

the  base  ::  R  :  S  sin.  |  A\\ 

Edge  dh  of  the  ba^  :  ed'g^  b  e  11  «ot.  1 1^  : 

cot.  ^  /, . 

For  gi  :=z  idb  ::  ghu=:  ^bis  • 

::  tang.  (90~f  ig)  :  tang.<90-^iij 
:;  cot.  I  ij  :  cot.  |  J, 

2t  2 
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The  inclioation  of  a  terminal  edge  to  the  axis  maj 
be  culled  ^g,  and  may  be  thus  found, 

^  R 

If  we  suppose  a  spherical  triangle  to  be 
represented  by  a  segment  hg  6/ of  the  octa« 
hedron,  it  would  obviously  be  right  angled 
at  k\  and  we  know  the  side 
hfb  =  iA, 

tVhence.  we  find  cos.  \/  g  fby  which  we  call 
A3,  by  the  known  formula 

cos  A    —  <^9>(9Q— IA)co8.|iJ, 
'  R 
sin.  |/a  COS.  1^, 


R 
Ratio  of  f  a  diagonal  of  the  base 
:  ^  the  axis  ::  sin.  A^  :  cos.  A 3. 
The  relation  between  /,,  /„  and  /g  may  be  thus 
discovered, 

COS.  /,  =  ~<^ofl^l-^i  cos.  1/3 

If  we  suppose  the  angle  hb  i  =:  90,  to  be 
the  side  of  a  spherical  triangle,  the  angles 
of  the  same  triangle  would  be  /,,  i  J,,  and 

A  general  equation  to  discover/,  would  be 

COS.  /,  = 

cos.yA  b  f.  sin.l/j.sin.l/31— cos.-|/a.  cos.1/3 
R^  R 

«        But  as  cos.  \/  hbi  z=z  Oy  the  *  equation  bC" 

comes  that  which  has  been:gi%'en. 
From  which  formula,  any  two  of  the  angles 
]being  known,  the  thifd  angle  may  be  found. 
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Its  units  of  comparison. 

The  unit  is  =  1  in  reference  to  all  decrements  on 
tLe  terminal  angles,  and  to  decrements  on  the  edges 
of  the  base. 

For  simple  or  mixed  decrements  on  the  lateral 
angles,  the  unit  will  be  the  ratio  of  the  perpendiculars 
b  k^  b  l^  drawn  from  the  angle  at  b  perpendicularly 
on  the  edges  fd  and  e  m.  The  ratio  of  those  lines 
may  be  thus  determined. 

fbikhiiR:  sin.  V  kfb  =  A, 
bm=rfb  ib  I  ::  R  :  sin.  V  bml  z=iA^ 
whence  .  .  .  k  b  :  b  I  ::  ein.A^  :  sin.^. 

When  the  decrement  is  conceived  to  proceed  along 

the  plane  P,  the  unit  of  comparison  will  be  -^-I — I 

sin.  ^jt 

but  when  the  decrement  proceeds  along  the  plane  M, 

the  decrement  in  breadth  will  evidently  be  measured 

by  the  line  b  /,  and  the  unit  will  then  become   '"'   ^° 

sm.A,, 


The  laws  of  decrement  on  the  terminal  edges  may 
be  determined  from  the  lines  b  a^  b  c^  drawn  perpen* 
dicular  to  the  edge  fb^  on  which  a  decrement  is  sup- 
posed to  have  taken  place,  and  meeting  the  edges 
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fdyfcy  produced  to  a  and  Ck  These  lines  are  to  each 
other  as  tang.  ^1 K  ;  tang.^^. 

Whefr  the  decrefloeat  proceeds  along  the  fdaae  P, 

the  unit  of  comparison  is  .^"^^ — i,  but  when  it  is 

ta^ig.  ^. 

conceived  to  proceed  along  the  plane  M,  the  unit 

^  tanir.^a 

Decomes  — 5 — L . 

tang.  A^  ' 

Knowibg  the  elements  of  the  pV'inlak'j  form,  the 
unit  of  comparison,  and  the  syhibol  of  any  ^lane 
whose  law  of  decrement  we  require,  we  -are  to  mell- 
sure  the  inclination  of  that  plane  on  one  or  more  of 
the  primary  planes,  and  then  to  adapt  such  formulse 
to  the  particular  case,  as  will  give  the  particular 
values  of  the  general  indices  of  ^e  plane  in  question. 


TfAWS  OF  DBO-ABMBWT^  9{ 

The  Octahedron  with  a  rhombic  base. 
Fig.  345. 


lis  elements^.. 
The  iuiliHUoB  c^  lb«  pknce  at  th&  ebluse  ter- 
niqat.  edges  may  be  called  /,. 
IncliDation  of  the  planea  at  the  iwut&terminal 
edges  may  be  called  /(. 

laclinatioH  of  the  planes  at  the  edgies,  of  tbe 
base  xofiy.  be  called' J,. 

Plane  tufileE  at  tbe  stunmit,  Iwing  called  A,, 
may  be  (bus-  fouiul, 

R 

A  spherical  triangle  is  marked  on  the 
upper  part  of  the  above  figure,  the  angles 
of  which  wre  90%  ^  /„  and  \  /„  and  of 
which,  the  required  side  b  ac  \s  fha  hypo- 
tbcnuse,  which  is  found  bj  the  precedi2}g 
formula. 

TJie  two  spherical  triangles  marked  at 
Iheftmse  of  tbe  %ure^  will  give  the  follow- 
ing- fonmuls;  the  required  side  being  ia 
eitoh  instance  the  hj'potbsniise.  qf  the  aa- 
sumed  triangle. 
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The  greater  lateral  plane  angle  a  c  b,  may  be 
called  A^y  and  maj  be  thusknown, 

COS.  A,  =  «^ot,|i.  cot.1/3 

K 

Most  acute  of  the  lateral  plane  angles,  a  b  Cy 

may  be  called  ^3,  and  may  be  thus  found, 

^    J         cot.  I  /a  cot.  J  I. 
cos,  A^  z= ^ — ?- 1 — L 

R 
Angles  of  the  rhombic  base  may  be  thus  deter- 
mined. Let  the  lesser  angle  be  called  A^^  and 

COS.  f  ^,  =  R  ?35li^ 

sin.  i  I^ 

The  required  angle  i  A^^   is  the  angle 
e  ft  c  of  the  above  figure,  and  is  that  side  of 
the  spherical  triangle  nearest  to  6,  which  is 
opposite  the  angle  1 1^ ;  and  hence  the  for- 
mula which  is  given. 
Ratio  of  I  the  greater  diagonal  of  the  base 
:  I  the  lesser  diagonal  e:  R  :  tang.  iA^. 
Obtuse  terminal  edges  are  equal. 
Acute  terminal  edg-e^  are  equal. 
Inclination  of  the  obtuse  terminal  edge  to  the 
axis  being  called  A^^  may  be  thus  found, 

''"''■  A  r%  COS.  ■!•  jT- 

cos.  -4 ,  rr  R  _; — 1--1 

sm.  \  /, 
Inclination  of  the  acute  terminal  edge  to  the 
'  axis  may  be  called  A^^  and  may  be  thus  found, 

COS.  ^;  =  R  ££?ii-^ 

sin.  fia 

• '    The  angles  A^  and  A^^  are  those  sides  of 

the  upper  triangle  marled  on  the  figure, 

which  subtend  the  angles  f  J,  and  \  /,.  And 

henee  the  formulie  for  their  deteriiiinatioo. 
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The  ratio  of  an  obtuse  terminal  edge 

:  an  acute  terminal  edge  ::  sin.  A^ :  sin.yf ,. 
Ratio  of  I  the  axis  :  \  the  greater  diagonal  of 
base  ::  R  :  tang*  A^ 
\  the  axis  :  \  the  lesser  diagonal  of 

base  :t  R  :  tang*.  ^^ 
\  the  axis  :  the  obtuse  terminal  edge 

::  coa.A^  :  R* 
I  the  axis  :  the  acute  terminal  edge 

::  COS.  ^5  :  R. 
obtuse  terminal  edge  :  perpendicular 

a  fi:  R  :  sin.^,. 
acute  terminal  edg'e  :  perpendicular 
a  f::  R  :  sin.  A^. 

Its  units  of  comparison. 

The  unit  is  =  1,  in  reference  to  the  following  de« 
crements. 

1.  Simple  and  mixed  on  the  terminal  angles,  pro* 

ducing  mod.  b. 
2 «     •     .  obtuse  lateral  angles, 

producing  mod.iA:. 
3 acnte  lateral  angles, 

producing  mod.  9. 
4 •     •  obtuse  terminal  edges, 

producing  mod.  u. 
5 acute  terminal  edges, 

producing  mod.  x. 
6.     ••••••••     •  edges    of    the    base, 

producing  mod.  z. 


2u 
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The  units  of  comparison  for  determining  the  laws 
of  intermediary  decrements  will  be  the  ratios  of 
those  edges,  of  which  portions  are  intercepted  by  the 
particular  plane  we  are  examining. 

Having  determined  the  unit,  and  the  symbol,  and 
measured  the  inclination  of  the  modifying  plane  on 
one  or  more  of  the  primary  planes,'  we  may  proceed 
to  discover  the  law  of  decrement  by  some  of  the 
methods  already  described^ 
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SS9 


The  right  square  prism. 

JU  elements* 

The  inclination  of  any  two,  adjacent  planes  at  their 
common  edge  =:  90\ 
Plane  angles  =  90^ 
Terminal  edges  equal. 
Lateral  edges  equal. 

Its  units  of  comparison. 
JFig.  346. 


^ 

-— — *<^ 

^/ 

\ 

X 

A 

^/ 

\ 

ly^ 

m 


Let  the  terminal  edge  be  to  the  lateral  edge  ai 
:  n ;  this  will  be  the  unit  of  comparison  for  decre-* 
ments  on  the  terminal  edges.  For  simple  and  mixed 
decrements  on  the  angles  of  the  terminal  planes, 
the  ratio  of  ab  :  af  becomes  the  unit,  which  is 

w Vg  5  *^"^  f^""  similar  decrements  on 


L 

1 


n 


the  lateral  angles  the  ratio  of  a  e,  being  |  the  diagonal 
of  the  lateral  plane,  to  the  terminal  edge  a  d,  may  be 
regarded  as  the  unit.  But  we  cannot  immediately 
determine  the  ratio  of  the  intercepted  portions  of  the 
lines  a  e,  a  d^  from  the  inclination  of  the  secondary 
plane  on  the  lateral  primary  plane.  It  must  be 
deduced  from  the  ratio  to  the  edge  a  d,  of  a  perpen- 
dicular a  c  upon  the  diagonal  mf. 

-  It  is  very  obvious  that  this  perpendicular  possesses 
the  character  assigned  to  those  lines  from  which  the 

2  u  2 
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unit  of  comparison  may  be  derived.  For  it  would  be 
wholly  intercepted  by  a  decrement  by  1  row,  wheo 
the  edge  ad  is  so  intercepted.  And  the  propriety  of 
adopting  this  unit  will  be  apparent,  if  we  recollect 
that  the  inclination  of  two  planes  to  each  other  is 
measured  upon  lines  perpendicular  to  their  common 
edge. 

Let  the  lines  i  A,  h  c,  be  pei'pendicular  to  the  edge 
of  the  secondary  plane  at  the  point  h.  The  angle 
i he  is  all  that  can  be  known  from  actual  measure- 
ment of  the  crystal ;  but  from  this  we  know  the  angle 
t  h  ay  and  hence  the  ratio  of  ah  to  a  t.  The  constant 
relation  of  a  c  to  a  d^  may  be  readily  found. 

We  are  supposed  to  know  the  ratio  of  a  m  to  afi 
and  a  m  i  a  f  ::  Ri  tang,  sj  am  f 

call  V  ^  ^y?  ^^^ 

And  because  a  c  is  perpendicular  upon  fmj  we  have 
a  c  :  a  m  or  a  c( ::  sin  ^ ,  :  R. 

Hence  ^ — '^  \  becomes  the  unit  of  tomparison  in 
R 

reference  to  simple  and  mixed  decrements  on  the 

lateral  angles  of  the  prism,  the  symbol  representing 

which  would  be  ^A^ 

For  decrements  on  the  lateral  edges  the  unit  is 
=z  1,  and  for  intermediary  decrements,  the  unit  will 
be  the  ratios  of  the  particular  edges  affected  by  each 
law  of  decrement. 

The  general  methods  adopted  for  determining  the 
laws  of  decrement  on  the  cube,  may  be  applied  to 
this  prism ;  observing  however  the  differences  in  the 
several  units  of  comparison  afforded  by  the  two 
forms. 
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The  right  Rectanqular  Prism. 

Its  elements. 

The  inclination  of  any  tivo  adjacent  planes  at  their 
common  edge  z=  90% 
Plane  angles  =  90% 
Parallel  edges  are  always  equal. 
Three  adjacent  edges  always  unequal. 
This  inequality  cannot  be  determined  but  by 
the  means  of  secondary  planes. 

Its  units  of  comparison. 
Fig.  347. 


Let  us Buppose  the  edge  o  a  i  oh  xi  m  m 

oa  I  o  c  II  mi  o 

mm 

—  will  evidently  be  the  unit  of  comparison  for  deter* 
o 

mining  the  laws  of  decrement  producing  the  planes 
of  class  fr. 


m 
o 
m 


for  those  of  class  c. 


^,  for  those  of  class  cf,  whose  symbol  is  G^  ^G. 
n 


n 

— 1 
m 


«     ••«. 


,  ,  m& 


It  has  been  shewn  in  p.  S67,  that  the  planes  com- 
prehended under  class  ay  might  be  produced  by  four 
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different  kinds  of  decrement,  of  which  the  genieral 
symbols  would  be 

A,  ^A,  AP,  and  (Cp  Gq  Br). 

The  unit  (^comparison  will  be  different  in  each  of 
these  cases. 

Let  a  b^  a  c,  b  c^  fig.  347,  be  three  diagonals,  and 
o  d^  of^  o  e^  three  perpendiculars  drawn  from  those 
diagonals  to  the  angle  o. 

The  edges  abj  ac,  be,  might  be  the  edges  of  a 
plane  produced  bj  a  decrement  by  1  row  of  mole- 
cules, which  plane  would  intercept  the  three  edges 
o  a,  o  b,  o  Cy  together  with  the  three  perpendiculars 
drawn  on  the  diagonals.  The  ratios  of  those  perpen- 
diculars to  the  edges  may  therefore  be  assumed  as 
the  units  of  comparison  for  simple  and  mixed  decre- 
ments on  the  angles.     Thus  for  decrements  on  the 

p 
angle  a  o  bj  whose  symbol  is  A,  our  unit  will  be 

od  :  oc.  For  those  on  the  angle  ao  c,  whose  symbol 
is  ^A,  the  unit  is  of :  o  b.  And  for  those  on  the 
angle  b  o  c,  whose  symbol  is  A'*,  the  unit  is  o  e  :  o  a. 
To  find  a  constant  ratio  between  these  perpen- 
diculars and  the  primary  edges,  let  us  suppose  m,  9i, 
and  o  known,  and  from  these  quantities,  the  plane 
angles  o  ab  being  also  known  and  called  A  ^ 

oac yrf, 

o  b  c A^ 

we  have  o  a  i  o  dv.lX  i  sin.  2^ ^ 
o  a  :  o  c  ::  R  :  tang.  A^ 
.^,  o  d  :  o  c  ::  sin.^.  :  tang.  A^ 
We  also  find  of:  o  b  ;:  sin.  A^  :  tang.  ^^ 

o  e  i  o  a  ::  sin.  A^  :  tang.  (90*— -4,) 
The   units  for  intermediary  decrements  are   the 
ratios  of  m,  n,  and  o,  and  the  methods  for  deter- 
mining the  several  laws  of  decrement  will  be  similar 
to  some  of  those  already  employed. 
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The  right  Rhombic  Prism. 

Its  ekments. 

The  inclination  of  terminal  to  lateral  planes  =  90*. 
Inclination  of  lateral  planes  to  each  other 
varies  in  diiferent  minerals;  call  the  g;reater 
angle  at  which  they  meet  /,. 
Terminal  plane  angles  being  equal  to  the 
'.angles  of  the  prism,  are  consequently  =  /, , 
and  (180" — J,).  But  being  plane  angles,  we 
shall  designate  the  greater  hj  A^^  and  the 
lesser  by -4,. 

Half  the  greater  diagonal  of  the  terminal  plane 
:  half  the  lesser  diagonal  ::  tang.  |  ^,  :  R. 
Lateral  plane  angles  =:S0\ 
Terminal  edges  equal. 
Lateral  edges  equal. 

Ratio  of  a  lateral  to  a  terminal  edge  is  deter- 
minable from  secondary  planes  only. 


*    Its  units  of  comparison. 


Fig.  348. 


The  unit  of  comparison  for  determining  the  dif- 
ferent laws  of  decrement  by  which  this  class  of  pri- 
mary forms  may  be  aiTected,  will  be  different  for 
nearly  all  the  different  classes  of  modifications. 
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Let  the  ratio  of  the  terminal  to  the  lateral  edge 
be  known  and  expressed  by  the  ratio  of  m  :  »  or  of 

The  general  expression  of  the  unit  of  eomparisoa 
will  become 

2LS — !-I — L  in  reference  to  simple  or  mixed  decre- 
nVi 

ments  on  the  terminal  angle  A  of  the  pri- 
mary form.  This  is  evidently  derived  from 
the  ratio 

efifn  ::  R  :  cos.  \A^  ::  1  :   — Ll — '- 

ef.fl  ::  1  :  L 

m 

hence 

fn  •  fl  ••  ^^^'2^t  .   « 
jn.Jl ^—  — 

::  m  cos.  \A^  :  «R. 

m sin,  x^t    in  reference  to  similar  decrements  on 
hR       ' 

the  angle  £  of  the  primary  form. 

For  let 

efi  c  «  ::  R  :  sin.  \A^ixli  — \^ — - 

and 

:  e  m  ::  1  :  — 

therefore 

sin.  \A^  ,n 

en:  em  ::  ^ — i- : — 

K  m 

::  msin.  I  ^^  :  »R. 
The  ratios  of  the  edges  may  be  used  as  the  units  for 
determining  the  laws  of  decrement  producing  the 
planes  belonging  to  the  classes  b  and  d  of  the  modi- 
fications of  this  form; 
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Fig.  349. 


The  unit  of  comparison  for  decrements  on  the 
terminal  edges,  is  the  ratio  of  the  liney*g',  fig.  349, 
to//;  f  g  being  perpendicular  to  i  Ar,  and  conse- 
quently to  a  b.  For  the  law  of  decrement  is  to  be 
determined  from  the  inclination  of  the  plane  ab  c  d^ 
to  one  of  the  primary  planes,  let  us  suppose  to  F, 
which  inclination  would  be  measured  on  the  lines 
g  h^  h  d» 

It  is  evident  thai  tiie  line  fg  fidls  wMiin  llie  •  de- 
aoription  akeadjr  given  of  the  lines  from  w^hich  the 
wit  toS  oomparisan  may  be  dtedyed ;  for,  whatever 
liie  law  of  decorenvent  may  be  which  ppoduoes  the 
new  plane  ab  e  d,  we  must  have 

fh;fb  II  fg  I  fL 

The  ratify  .of/g  to  fl  amy  be  .thus  dascevered*  We 
are  supposed  to  have  found 

fk  :  fl  :i  m  z  n  i:   I  :  — 

in 

and  knowing  the  angle  efk,  which  we  have  called 

-4 , ,  we  known  the  angle  gfkzziA^  — 90% 

hence         fkifgziR:  cos.  (^,—90") 

,.  I  .  cos.  (^,—90-). 
..  1 g _ 

wherefore  fg  :fl  ::  co«.  (^,-90°)  ^  n 

::  m  cos.  (^, — 90")  :  n  R. 
2  X 


S46 


APPENDIX- 


•CALCULATiaN  OF  THE 


RIGBT  HBOMBJC  PRISM. 


The  required'unit  is  therefore  ^  cos- M«— 90') 

It  K 

For  decrements  on  the  lateral  edges  of  the  prism, 
the  unit  is  =  L 

The  methods  of  applying  these  several  units  to 
the  determination  of  the  laws  of  decrement,  will  be 
similar  to  some  of  those  already  described. 

« 

Fig.  350. 


If  we  require  the  law  of  decrement  producing  the 
plane  d  e,  fig.  350,  and  we  know  the  angle  a  d  e^ 
which  is  the  inclination  of  a  primary  plane  on  the 
plane  d  e,  and  may  be  called  I^^  we  shall  find  the 
ratio  of  the  edges  of  the  defect, 

b  d:  b  e  ::  sin.  (Jj — A^)  :  sin.  (180* — I^)  ::/»!?> 
which  gives  the  requited  law  of  decrement* 
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Tbe  rigbt  obliquE'-anglbd  Prism. 

Its  elements. 

The  inelination  of  terminal  on  lateral  planes  =  90** 
Inclination  of  lateral  planes  to  each  othec 
varies  in  the  diiSerent  individuals  belonging  to 
the  class.  Call  the  greater  angle  at  which 
thej  incline  to  each  other,  I^. 
Terminal  plane  angles  are  consequently  /,, 
and  (180°— /J,  but  they  will  be  called  A, 
and^^s. 

Lateral  plane  angles  zz  90°. . 
The  adjacent  edges  unequal.  Their  ration,  and 
that  of  the  diagonals  of  the  terminal  planes, 
can  be  known  from  secondary  planes  only. 


Its  units  of  comparison. 
Fig.  351. 


When  the  edges  of  any  plane  of  class  a  or  b^  of  the 
modifications  of  this  form,  which  intersect  the  plane 
P,  are  parallel  to  a  diagonal  of  that  plane,  the  modi- 
fying plane  results  from  a  simple  or  mixed  decre*> 
ment. 

The  unit  of  comparison  for  determining  the  laws 
of  simple  or  mixed  decrements  belonging  to  class  a, 

2x2 
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b»a»**MaMta 


is  the  ratio  otbdj  a  perpendicular  on  the  diagonal, 
to  the  edge  bf^  which  may  be  thus  found. 
•    Let  the  ratios  of  the  eAges  be  as  fi»llo#*y 

0  c  :  b  a  ::  m  I  n  ::  1  :  — 

m 

b  c  :  if::  m  ;  o  ::  1  :  — 

m 

b  a  z  b  f ::  h  :  o  i:  1  :  ^ 
-^  n 

The  angle  a  b  c  has  been  called  A^ 

b  c  tn    •    •     •     .     •   A^ 

From  the  ratios  of  the  edges  and  the  angles  A .  and 

^,,,we  may  find  the  angles 

b  ac  :=z  a  c  m,  call  this  A^ 
abm:=bm  c,    .     .     .  A^ 

thus    .  .  bazbdr.Ri  sin  A.  :;  I  :  fUHt^s 

therefore  b  d  i  b  fii  — 1-— i  :  —  ::  ii  sin.  ^,  :  o  R. 

The  unit  for  determinining  the  laws  of  simple  and 
mixed  decrements  belonging  to  class  b  is  the  ratio  of 
€  Cy  B,  perpendicular  on  the  diagonal,  to  an  edge  c  n, 
or  J/. 

We  have  mc  :z:  db  :  e  c  :i  R:  sin.^^  ::  1  :  — ^-l 

R 

and  because  c  n  =  bf,  we  must  have 

ec:fe/:;^*°'^^  :-::nsin.^^  :oR. 

The  ratios  of  the  primary  edges  may  be  assumed 
as  the  units  for  determining  the  decrements  producing 
the  remainder  of  the  planes  belonging  to  class  a  and 
b ;  and  they  should  be  so  adapted  to  each  particular 
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case,  as  to  give  the  particular  values  of  the  indices 
of  each  individual  plane. 

The  following  are  the  units  of  comparison  for  de» 
tennining  the  laws  of  decrement  on  the  edges. 


Fig.  362. 


For  those  which  produce  the  planes  a,  the  unit  is 
the  ratio  of  ^  the  perpendicular  g  6,  ^g*  352,  to  an 
edge  bf;  and  for  those  which  produce  the  planes  rf, 
the  unit  is  the  ratio  of  a  perpendicular  b  A,  to  an  edge 

To  find  bg\bfj  we  have 

.        .         r%       '      A        ^     sin.  ^, 
b  a\b  g:\rii  sin.  A^  ::  1  :  — = 

and  as  .  .  .  .  6  fl  :  6/  ::  1  •  - 

n 

we  must  have  b  g  :  bf  ::  n  sin.  A^  :  o  R. 

To  find  b  h  :  bf  we  have 

t        *  z.      -I     sin.  A » 
b  c  :  b  h  ::  I  :  — rj— ^ 

6  c  :  6  f ::  1  :  — 

m 


b  h  ':  bf ::  m  sin.  A^  lo  R. 
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For  decrements  on  the  lateral  edges,  where  the 
symbol  is 


^G  the  unit  is  f? 

n 

G'  .    .    .    .  ^ 

m 

m  .  .  .  .  ^ 

m 

H^  .    .     .     .  ^. 

n 


The  application  of  these  units  to  the  determination 
of  the  several  laws  of  decrement,  will  be  similar  to 
many  of  the  examples  already  given. 
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TffE  OBLIQUE  Rhombic  Prism. 

Its  elements. 
Fig.  353. 
s 


The  inclination  of  P  on  M,  or  M',  fig.  317,  varies 
in  different  minerals  ;  call  it  /,. 
Inclination  of  M  on  M'  also  varies  in  different 
minerals,  and  may  be  called  Z^. 
Plane  angle y*a  d^  fig.  351,  may  be  called  A^. 
Let  g  a  ey  g  a  d^  d  a  e^  be  the  three  sides 
of  a  spherical  triangle,  whose  angles  wbuld 
be  90%  /,,  and  |  /».     The  side  gady  which 
is  i  A  if  may  be  thus  found, 

Sin.  I  /j 
Plane  angley* a  e^or  d  a  e,  may  be  called  A^, 
This  angle  is  the  hypothenuse  of  the  tri- 
angle from  which  we  have  derived  the  pre- 
ceding formula,  and  may  therefore  be  thus 
known, 

J  cot.  Jj  cot.  i  I. 

cos  A2    =    -^ — ^ 

'  R 

Terminal  edges  equal. 
Lateral  edges  equal. 
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The  inclination  of  the  oblique  diag^oqal  a  g^  to  an 
edge  a  e^  being  called  /,,  may  be  thus  found, 

COS.  /,  =  «L£?|l/i 

sin.  I  /, 

The  angle  ga  c  is  the  third  side  of  the 
triangle  already  used. 
Ratio  of  a  terminal  to  a  lateral  edge  can  be 
known  only  by  means  of  secondary  planes. 

Its  units  of  comparison. 

Let  us  suppose  the  ratio  o(af:  a  e  ::  m  :  it ::  1  :  ^ 

m 

The  unit  of  comparison  in  reference  to  the  decre- 
ments producing  the  planes  of  classes  a  and  c,  is  the 
ratio  of  half  an  oblique  diagonal  a  h  to  a  lateral  edge 
a  e,  which  may  be  thus  found. 

£i/:flA::R:cos.i^,  ::  1  :  ^^'^^' 
•^  It 

r 

Therefore  ahi  ae  i:  m  cos.  ^A^  in  R. 


The  unit  for  determining  the  decrements  producing 
those  planes  belonging  to  class  e,  of  which  the  repre- 
sentative symbol  is  £,  is  the  ratio  of  |  a  horizontal 
diagonal /A  to  the  lineyV  drawn  from  the  solid  angle 
at/perpendicularly  on  r  m ;  the  Moe  r  m  betng  paral* 
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lei  to  the  diagonal  g  Hy  and  touebtng^  the  solid  single 
at  mm  For  the  line  /r  is  eTidently  in  a  plane  per- 
pendicular to  fdy  and  if  the  roodiiying  planes  we  are 
considering  were  to  be  ]^daced,  thej  would  cutfm 
andy*r  proportionally.  The  ratio  of /A  toy  r,  is  thus 
found. 

/g:/A::R:sin.i^.  ::  1  :  ''"'*^' 
fgifm  ::  1  :  ^ 

971 

Therefore  fh  :  fm  ::  m  sin.  J  j4,  :  «  R. 

..  msiu.jA,   .  I 

But     .     .  fr  -.fm  ::  cos.  (73— 90')  :  R 

..  COS.  (/a— 90°)  .  , 

Therefore  /A  :  fr  ::  ^5'»-*^.  :  cos  jI-W) 
•^       -^  wR  R 

::  iMsin.  |  ^,  :  »  cos.  (/j — 90"). 
Fig.  S55. 


The  unit  for  determining  the  laws  of  decrement 
producing  the  planes  of  classes/ and  g  is  the  ratio  of 
a  b  toacy  fig,  355,  when  the  angle /a  d  is  obtuse,  or 

2  Y 
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of  a  V  to  a  Cj  wben  that  angle  is  acute ;  a  b^  or  a  b^ 
being  perpendicular  on  the  edge  g  d^  and  a  e  perpen- 
dicular on  the  edge  e  e. 

This  ratio  may  be  thus  deduced. 

ad:  ab  :iR.  cos.  (^.—90')  ::  1  2  cos.  (:^>-"Q0'') 

R 

a  d  I  a  e  ::  1  ~~ 

m 

a  b  z  a  e  :i  m  cos.  (A^ — ^90')  :  n  R 

ac  I  a  e  i:  cos.  (-4»— 90")  :  R 

ab-ac'  ^^co8'M»— ^0°)  .  cos.  (^,—90") 
"  «R  '  R 

22  mcos.  (-4,— 90°)  :  11  cos.  (A^—90''). 
The  unit  is  equal  to  1,  in  relation  to  decrements 
producing  the  planes  i  and  L 

The  units  for  determining  the  several  laws  of  de- 
crement producing  the  planes  of  classes  b  and  dy  and 

such  of  class  e  as  are  not  represented  bj  the  symbol 

p  . 

£,  are  the  ratios  of  the  primary  edges ;  and  the  methods 

of  determining  the  laws  of  decrement  producing  any 

modification  of  this  form,  will  be  analogous  to  some 

of  those  already  described. 
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Tffti  DOUBLY  Oblique  Prism. 

Its  elements^ 

The  inclination  of  the  primary  plaaes  is  unequal  at 
any  three  adjacent  edges^  and  is  different  in 
different  minerals. 

Three  adjacent  plane  angles  unequal. 
Three  adjacent  edges  unequal,  and  the  ratios 
of  these  inequalities  are  to  be  deduced  only 
from  some  secondary  planes. 

The  laws  of  decrement  which  produce  the  modify- 
ing planes  of  this  class  of  primary  forms,  may  be 
determined  by  the  general  methods  already  described 
at  p.  S95,  and  the  units  of  comparison  will  then  be 
the  ratios  of  the  primary  edges. 


2  y2 
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lis  elements. 

The  inclination  of  the  adjacent  lateral  planes  to 
each  other  ±=  190". 

Inclination  of  the  terminal  on  the  lateral  planes 
=  90% 

Plane  ang^les  of  the  summit  =  ISO*. 
Lateral  plane  angles  =r  90*. 
Ratio  of  the  terminal  to  the  lateral  edge  of 
each  particular  prism  can  be  deduced  only  by 
means  of  some  secondary  plane* 
Let  us  suppose  it  known,  and  expressed  by 

« 

m  :  «,  or  by  1  :  — 

m 

Its  units  of  compnrison. 
For  decrements  on  the  angles  of  the  terminal  plane, 

the  unit  is  —  ;  and  for  decrements  on  the  terminal 
2n 

edges  it  is  ??_?L^-21l.  a^  will  be  shewn  below. 

nix 

For  decrements  on  the  lateral  edges  it  is  =  1. 

Fig.  356. 


The  diagonals  drawn  on  the  terminal  plane  divide 
that  plane  into  six  equilateral  triangles. 

The  law  of  any  simple  or  mixed  decrement  on  an 
angle  of  the  prism  is  deduced  from   the  ratio  of 
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ef\  egj  but  e/is  half  an  edge  of  either  of  the  equi- 
lateral triangles  b  i  c  or  hi  c,  whence 

^y*  €  g  zi  i  m  z  n  It  m  I  8ii> 
which  thus  becomes  the  unJtof  coinparison  for  simple 
or.  mixed  decrements  on  the  angles  of  this  prism. 

The  laws  of  iniermediarjf  decrements  may  be  deter- 
mined by  means  of  spherical  triangles  adapted  in  the 
manner  already  described. 

Decrements  on  the  tern^inal  edges* 

A  decrement  by  I  row  on  the  edge  b  c,  fig.  356, 
would  intercept  proportional  parts  of  the  edges  b  df 
b  c,  and  consequently  if  the  whole  of  b  d  wete  inter- 
cepted by  the  new  plane,  the  whole  of  6  c,  e  g^  and 
e  A,  would  be  intercepted  also,  and  d  h  would  be  t!ie 
edge  of  the  new  plane  d  h  c  g.  And  we  observe  that 
the  entire  of  the  line  £  £r,  which  is  perpendicular  to 
d  kj  would  also  be  intercepted  by  the  same  plane. 
The  ratio  ofbaibc  may  therefore  be  taken  as  the 
unit  of  comparison  for  determining  the  laws  of  decre- 
ment on  the  terminal  edges  of  the  hexagonal  prism. 

But  b  a  is  perpendicular  to  d  f,  the  base  of  the 
equilateral  triangle  di  b  ; 

whence      d  b  :  b  a  :.  R  :  sin.  60" ;;  1  :  ^'"'J^^ 

■ 

But    .     .  db  I  b  c  iz  1  ;   -^ 

m 

Therefore  b  a  z  b  c  zz  m  sin.  60"  :  n  R. 

The  law  of  decrement  on  the  lateral  edges  of  the; 
prism,  will  be  represented  by  the  units  contained  in 
the  ratio  of  the  edges  of  the  defect  occasioned  by  such 
decrement. 
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The  individaal  or  particular  prisms  belonging  to- 
the  seven  preceding  classes  are,  as  we  have  seen, 
distinguishable  from  each  other  by  the  comparative 
lengths  of  two  or  three  of  their  adjacent  edges,  or  hj 
the  particular  values  of  some  of  their  plane  angles. 

These  plane  angles  may  be  determined  by  means 
of  spherical  trigonometry  from  the  inclination  of  the 
primary  planes  to  each  other;  and  this  inclination 
may  be  ascertained  by  measurement  with  the  gonio- 
meter. 

But  the  comparative  lengths  of  the  edges  can .  be 
deduced  in  no  other  manner  than  from  some  second- 
ary plane,  which,  for  that  purpose,  must  be  supposed 
to  have  been  produced  by  a  given  law  of  decrement. 

If  for  example  we  assume  that  any  known  second* 
ary  plane  has  been  produced  by  a  decrement  by  1  row 
of  molecules,  the  ratio  of  the  edges  o{  the  defect  of 
the  primary  form  would,  as  we  have  already  seen,  be 
equal  to  the  ratio  of  those  edges  of  the  primary  form 
of  which  they  are  respectively  portions. 

If  therefore  we  determine  the  ratio  of  the  edges 
of  the  defect  occasioned  by  the  interference  of  the 
secondary  plane,  which  we  suppose  to  have  been  pro- 
duced by  a  decrement  by  1  row  of  molecules,  we 
shall,  if  our  supposition  be  correct,  evidently  obtain 
the  ratio  of  the  corresponding  primary  edges. 

But  it  may  happen  that  the  plane  which  we  have 
supposed  to  result  from  a  decrement  by  1  row  of 
molecules,  is  really  produced  by  some  other  law  of 
decrement. 

The  only  method  we  possess  of  discovering  whether 
we  have  determined  the  true  dimensions  of  the  prism, 
is  to  use  those  dimensions  for  ascertaining  the  laws 
of  decrement  producing  other  secondary  planes  ;  and 
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ify  when  so  applied,  we  find  that  the  laws  of  decre- 
ment producing  those  planes  are  simple,  we  may 
conclude  that  we  have  determined  the  dimensions  of 
our  prism  rightlj ;  but  if  the  ratios  we  have  assigned 
to  the  primary  edges,  suppose  those  planes  produced 
by  irregular  and  extraordinary  laws  of  decrement, 
we  may  conclude  that  the  plane  which  we  have  first 
observed,  has  resulted  from  some  other  law  than  by 
1  row  of  molecules,  and  we  must  proceed  to  assign 
new  dimensions  to  the  prism,  in  conformity  with  the 
new  law,  by  which  we  now  suppose  the  plane  first 
observed  to  have  been  produced. 


860 


APPBND1X< 


Cil^beULATlON  OP  TUB 


The.  Rhomboid. 


Fig.  357. 


In  this  fig.  df  is  the  oblique  diagonal, 

ab  .  .  .  horizontal  diagonal, 
di   ...  aj^is. 

tf  we  imagine  a  by  a  c^  b  Cj  to  be  edges  of  a  plane 
passing  through  the  solid,  that  plane  would  be  per- 
pendicular to  the  axis,  and  the  line  en  e  drawn  upon 
it,,  would  consequently  be  perpendicular  to  the  axis. 

But  the  point  e  at  which  this  perpendicular  touches 
the  plane  d  afbj  is  the  middle  of  the  diagonal  df. 
If  therefore  we  draw y*o  parallel  to  e  n,  we  shall  have 
Q  nz=z  n  d,  ButjTo  =:  c  n^  and/  i  zz.  dc\  therefore 
iozizndzzion.  Hence  perpendiculars  upon  tlie 
a^srs  of  a  rhomboid,  drawn  from  two  adjacent  lateral 
solid  angles,  divide  the  axis  into  three  equal  parts. 


Its  elements. 

The  inclination  of  the  adjacent  planes  at  the  su- 
perior edges  will  be  different  in  different 
minerals,  but  n\^y  be  designated  generally  by 

A. 
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.  '  This,  angle  U  sqpppsed  generally  to  be 
measurable  by  the  goniometer;  but  it  may 
sometimes  require  to  be  deduced  from  the 
inclinatipn  of  secondary  planes  to  each  other 

t  or  to  the  primary.  If  two  planes  modifying 
the  edire  itself  be  used  to  determine  the 
angle  /,,  we  n^ust  know  the  inclination  of 
those  planes  to  each  other,  arid  that  of  one 
of  them  on  the  adjacent  primary  plane;  and 
hence  the  inclination  Of  the  primary  planes 
is  known. 

If  we  know  the  inclination  of  the  plane  a 
of  the  modiiication  of  the  rhomboi4i  to  the 
plane  P,  and  call  it  7,  we  may  determine  I^ 
from  the  following  equation, 

-*«p  i  r  —  <^®8.  30".  sin.  (180*— /) 

^     cos.  f  4  I    — ^ ;       ri  '        '     "< 

It  fs  apparent  from  the  above  fig.  that  if 
(ISO"*-^/)  and  |  /.  be  taken  as  two  angles 
of  a  sphericaT  trianja^Ie,  the  third  angle  must 
be  90%  and  the  side  siihtending  the  angle 
I  /,  must  be  SO*",  and  hence  the  give/i  equa- 
tion is  deriired. 
"  If  we  know  the  inclination  to  the  plane 

'  '    P,  of  that  plane  of  mod.  e  which  replaces 
the  inferior  angle  of  the  plane  P,  we  may 
still  deduce  /,  from*  that  inclination,  by  the 
preceding  formula.     For  plane  6  on  P  is 
obviously  S70* — /,  and  consequently 
1  =  270*-i-(^  on  P). 
The  inclination  of  the  adjacent  planes  at  the  in- 
ferior edges  will  conctequently  be  (ISO* — i,) 
^  andmay  becaRed  J,. 
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The  Btiperiof  pftane  ar^gl^  may  be  called  ^^^  and 

laay  be  thus  found, 

The  angle  |  if ,  is  one  of  the  sides  of  the 

spherical  triangle  marked  on  fig.  SSTj  whose 

angles  are  evidently  9(f,  60%  and  \  /,•  The 

general  formula  to  deternii he  I  ^a  is 

•  >          R.  cos,  GOT 
cos.  I  A.   zzz = —  . 

*  ^      *  sin.|/, 

R 
but  as  cos.  60**  =  ~,  the  formula  becomes 

2 


•) 


2  sin,  I  /, 

Lateral  plane  angles  will  be.  (180* — A\)  and 
may  be  called^,. 

Inclination  of  the  superior  edge  to  the  axis 
may  be  called  A^^  and  mdy  be  thus  found, 
The  angle  bdn^  fig.  357,  is  the  inclination 
required,  and  is  the  hypothenuse  of  the  tri- 
angle.  already  used,  whence 

««.>!—  cot.  60^  cot.  I  /. 

Inclination  of  the  oblique  diagonal  to  the  axis 

may  be  denoted  by  A^^  and  may  be  thus  found. 

The  angle  e  dn  which  we  call  y/^,  is  the 

third  side  of  the  triangle  marked  on  the 

figure,  and  may  consequently  be  determined 

from  the. formula,       . 

.     ^_^    jt    R«  cos.  I  /, 

cos.  A.   Z^  - — i*_i_L  > 

*  8in.60* 

Sum  of  the  two  preceding  angles,  being  die 
inclination  of  an  obli^que  diagonal  to  a  superior 
edge,  when  measured  over  the  summit,  may 
be  denoted  by  ^^. 


.«    »      V 


,    i^^^^MpsaoHZMW^T.  dS§ 


naoMMoro* 


The  inclination  of  an  oblique  diagonal  to  an  adja- 
cent edge,  measured  over  the  inferior  angle, 
would  be  ISO''^^^^,  and  may  be  denoted  by 

Ratio  of  a  perpendicular  upon  the  axis  drawn 
from  a  lateral  solid  angle,  to  the  axis  itself,  is 
as  i  tani>:.  ^3  :  R* 

We  have  already  seen  that  cf  it  is  7  of  the 

axis  d  ij 

and  dn  :  nb  ::  R  :  tang.  A^ 

Therefore c(t  zz  3 dn  :  a  b  z:  3R  i  tBus.A. 

::  R  zytang.i^,. 
Ratio  of  I  the  oblique  diagonal,  to  |  the  hori- 
zontal diagonal,  as  R  :  tang,  i  A^. 
Ratio  of  7  of  the  axis  :  |  half  the  oblique  dia- 
gonal ::  COS.  A^  :  R»  ;  i' 
Ratip  of  7  of  the  axis  :  |  the  horizontal  dia- 
gonal ::  cot.  A^  :  tang.  60^ 

For  dn  :  n  €  ::  tang.  (90^ — A^)  :  R 
"       ::  cot.  A.  :  R. 

and  e  b  :  n  e  ::  tang.  60"* :  R 

Therefore  rfn  :  e  b  ::  cot.  A^  :  tang.  60*. 
Ratio   of  I   an  oblique   diagonal   :   an  edge 
; :  COS.  i  A^  :  R. 

Ratio  of  I  a  horizontal  diagonal  :  ah  edge 
::  sin.  i  A,  :  R. 


2z3 


r < 
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Ji^ojirifd/D. 
Its  units  of  comparison. 


The  following  are  the  units  of  comparison  in  rela- 
tion to  the  decrements  producing  the  several  classes 
of  modifications  contained  in  the  tables'. 

Class  b,  Cy  e,  g",  A,  unit  ^^tjdl,  being  the  ratio 

of  I  ail  oblique  diagonal 
:  an  edge. 


Class  4,  the  unit  is     ,'^f  S  wheii  the  rhomboid 
'  *  sin.^g 

■    '  is  acute.     • 

,  sin.  i  A^ 

*"**      •    •     •     COS.  (^.-90-)' 

when  it  is  obtuse. 


%       tl     *  4. 


hJkM^^f 


^Mi^M'BOlD\ 


t^g:  559. 


Tht8  ihiit  18  the  ratio  of  e  V  :  hn^  fig;.  398  and  99% 
h  n  being  perpeiidictiliar  tftk  gn^  which  is  parallel  tm 
df.    Fig.  3SS  represents  an  acute  i<hotnhcid, 
in  which  tb  :  b  f^ovh  g  t:  sin.  \A\'rlAi 

ba  :  b  g  ::  cos.  (SO'—^^)  t  R::  siii.:^^  :  U 
therefore  «•  6  :.b  n  i:  sin  ^ui^  :siif.  i^j^  \ 

¥\g.  399  represents  an  obtuse  rhomboid, 
in  which  e-ft  :hgv,  sih^^i  A^  :vri    ...a  I.       •' 

bn  :b  g::  cpSV  (>f  ^^flO")  :  R 
^nd  ;  ;  .  ,e  6  :  6  /I  ::  sin.  i  A^  :  cos.  (-(^^— 9!0°).     . 

If  in  fig.  358  we  suppose  tp  a^pprtioji  of  the  oblique 
.diagonal  produced,  .and  iix  both  398  and  399,  d  p 
parallel  to.  b  tiy  the  assumed  value,  of  b  n  will  be 
readily  perceived.  ,         .  , 

The  unit  of  cpmparisop^.in  relation  to  decrements 
producing,  the  plassea  d^fj  2,  s^.nd  /,  is  the  ratio  of  t^e 
edges  and  is  consequently  ;=:  1. 

In  relation  to  class  n^  it  is  that  .of  two  equal  per- 
pendiculars /a,  I c^  on  a  superior  edge,  drawn  from 
two  lateral  angles;  and  rn'r^iatioi^  Ib^cHiA^  p,  it  is 
^that  of  two  equal  perpe.ndiculara  h  a,  h]<y  on  an  in- 
ferior edge,  drawn  frofii  the  parallel  superior  edges, 
and  it  is  consequently  in  both. cases  ==1. 

The  determination  of  the  laws  of  decrement  affect- 
ing'the    rhomboid,    aiid'  the   develbpemeut  of   the 
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M^QW^QJU^ 


various  relatioBs  between  that  primary  form  and  its 
numerous  secondary  forms,  occupy  a  considerable 
portion  of  the  Ahbi  Haiiy's  crystallographical  re- 
searches. Some,  however,  of  the  relations  he  has 
demonstrated,  though  curious  in  themselves,  are  not 
immediately  useful  to  the  mineralogist  for  deter- 
mining the  mineral  species  to  which  a  given  crystal 
belongs. 

Little  more  will  be  attempted  here  than  to  give  an 
outline  of  a  method  of  determining  the.  laws  of  decre- 
ment, similar  to  that  which  has  been  applied  to  the 
other  classes  of  primary  forms;  and  it  is  hoped  that 
this  will  supply  the  mineralogist  with  as  much  assist- 
ance as  his  purposes  will  generally  require* 

Simple  and  mixed  decrements  an  the  superior  and 

inferior,  angles. 

The  planes  produced  by  these  are  contained  in  the 
classes  6,  c,  e  g^  and  k. 

Let  us  be  supposed  to  have  measured  the  incli- 
nation of  one  of  the  planes  b  on  an  adjacent  primary 
plane,  or  of  one  of  the  planes  c,  over  the  summit  on 
a.  primary  plane,  and  if  we  call  the  measured  angle 
I^^  the  ratio  of  the  portions  of  the  oblique  diagonal 
and  edge  contained  id  the  defect,  would  be  as 
sin.  (I^—J^)  :  sin.  (180^—73), 

and  if  we  divide  this  ratio  by  —~X — ^9  we  shall 

obtain  the  law  of  decrement  producing  the  plane  we 
have  measured. 

Let  us  suppose  the  inclination  of  one  of  the  planes 
belonging  to  the  classes  e,  g,  or  k^  on  that  primary 
plane  which  is  intersected  by  the  modifying  plane 
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jpttrallel  to  its  diagonal,  Xo  be  called  /^,  the  ratio  of 
the  edg^s  of  the  defect  will'  be  as 

sin.  (/,— ^fi)  :  sin.  (180 —/J. 
This  being  diyided  as  before  by  cos.  \A^  :  R,  will 
give  the  law  of  decrement  producing  the  plane  we 
have  measured. 

Simple  and  mixed  decrements  on  the  lateral  angles. 

Let  us  suppose  the  inclination  known  of  the  pri- 
mary plane  P,  to  one  of  the  adjacent  planes  of  mod.  Ay 
and  let  this  be  called  /^.  The  angle  measured, 
would  be  in  the  plane  eb  riy  fig.  358.  And  as  e  6  is 
perpendicular  to  b  n^  the  ratio  of  the  edges  of  the 
defect  would' be  as  radius  to  tang,  of  the  supplement 
pf  the  measured  angle;  and  this,  being  divided  by 
cos.  iAt^  :  R>  will  give  th^  required  law  of  decrement. 

Intermediary  decrements  on  the  terminal  solid  angles. 

The  general  symbol  representing  a  single  plane  of 
rood,  d  is  (Bp  B'q  B"r). 

The  values  of  the  indipes  p,  q^  and  r  may  be  dis- 
covered from  the  inclination  of  the  particular  plane 
represented  by  that  symbol,  on  the  two  adjacent  pri- 
mary planes,  by  means  of  a  spherical  triangle,  and 
the  plane  triangles,  adapted  in  the  manner  already 
described. 

♦  •  '  • 

Intermediary  decrements  on  the  ^lateral  solid  angles. 

These,  as  we  have  already  seen  in  our  account  of 
the  symbols  representing  the  planes  produced  by 
them,  may  be  referred  to  the  angle  at  O,  or  to  that 
at  £»     l«et  the  plane  from  which  we  are  about  to 
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ivhich  appears  on  the  aBglq;^^  O.      .  t. 

There  are;  as  may  be  sQen  in  tba  tables,  three 

^taj^ses  of  ^odific^tjpna .  produ^efl  bjf  tius^  d^rep 

The  distinction  between  these  three  classy  ha^ 
been  alreadj  pointed  out  in  the  table  of  modifications 
of  the  rhomboidy  and,  in  p..  1^79,  wl^^re  their  sevoi^al 
relations  to  the  theory  of  decrements  are  given. 

The  general  symbol  representing  one  oPihe  planes 
at  ihe  angle  O,  belonging  to  either  of  these  modifi- 
cations, is  (^D'q  b'^  Dp),  and  the  particular  value  of 
the  Indices  may  be  disrot-efed,  in  relation  to  any 
particular  modification  belongrng  to  either  class,  bj 
measuring  the  inclination  to  the*  two  primary  planed 
adjacent  to  the  edge  b",'  of  the  plane  represented  by 
the  above  symbol;  and  finding  the  plane 'angles  of 
the  defect  adjacent  to  the  edge  b",  by  means  of  a 
spherical  triangle,  and  tbence  deducing,  the  ratio  of 
the  edges  of  the  defect  in  thp  manner  already  de- 
scribed. 

The  indices  of  the  individual  modifications  belong- 
ing to  class y*  will  be  found  iii  a  constant  ratio  to  each 
other.  This  ret^ults  from  the  condition  that  the  edg^ 
^t  which  the  modifying  planes* intersect  each  other 
shall  be  parallel  to  the  axis  of  the  rhomboid. 

Let  the  index  p  be  >  ji  and  j  }>  r. 

The  relations  between  |),  9,  and  r,  may  be  thus 

stated, 

'p  =  q  (q^l)  =  q  r. 

.    ?  ,2:  r 
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And  the  fitanhei*  of  i^educing  these  may  be  given  as 
an  example  of  one  of  the  methods*  of  analysis  appli* 
cable  to  these  mvestigatidns. 

The  general  equation  of  a  plane  in  relation  to 
three  co*ordinslte  axes,  Is  known  to  be 

Let  the  distances  from  the.  origin  at  which  the 
plane  cuts  the  three  axes,  be  represented  by  p^  q^ 
and  r. 

We  shall  then  have  the  following  equations  of  the 
points  where  the  axes  are  cut  by  the  plane. 

For  the  point  on  the  axis  x  we  have  x  zn  p^ 

y    •  •  •  •  y  =  J? 
s    .  .  .  .    2  =  r^ 

To  find  the  values  of  the  co-efficients  A  B  C  D,  in 

function  of  the  quantities  p,  q^  and  r,  with  a  view  to 

substitute  those  quantities  in  the  general  equation 

for  the  co-efficients  A,  B,  C,  and  D, 

Let  V  =  o,  2  =  0,  and  x  =  HI—. 

A 

— D 

—  — D 

x  —  Oyy=.o^  .  .  %■■=■  -— - 

Therefore  1Z—  =  p,  whenfcft  A  =  HI — 

A  p 

— i)  _  „  n  -  -^I> 

-_^.5,    ...   -B___ 

■  t^    '     —     ^3        .     •     .        ^  —  

^  .  «^    . 

*  Thii  m^Ji^d  (A  determining  the  relations  that  may  exist  among^ 
crystals,  has  been  used  in  a  paper  published  by  Mr.  Levy  in  the 
Edinburgh  Philosophical  Journal,  relative  to  another  object  which  ^ill, 
be  refer r^  to  in  a  later  part  of  this  Appendix. 
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^Dy  j^  —Dz   _   _jj 


The  general  equation  may  therefore  be  thus  ex- 
pressed, 

P  9  *• 

or,  dividing  all  the  terms  by  — D,  it  may  be  reduced 

to  this  general  form, 

"L  +  y  +^  =  1.. 

p        q  r 


Fig.  360. 


Let  the  plane  a  rf  e,  fig.  360,  represent  one  of  the 
planes  belonging  to  class  fj  whose  indices  are  p^  j, 

and  r ;  and  let 

o  e  =  p* 

o  d  =z  q^ 

o  a  =  r; 
the  equation  of  this  plane  will  then  be, 

P        9        ^  ' 

But  as  the  line  a/ at  which  the  two  planes  of  mod./ 

intersect  each  other,  is  parallel  to  the  axis  of  the 

rhoml>oid,   and  passes  through  one  of  its  superior 

edges,  it  might  obviously  be  on  the  surface  of  some 
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plane  belonging  to  mod.  e.     The  equation  of  this 
plane  may  be  thus  expressed, 

£  +  4^  +  1  =  1. 

p'       p        r 

From  the  character  of  the  planes  of  mod.  e,  the 
index  p'  is  always  zz  3  r. 

Knowing  the  relation  of  p'  to  r,  we  may  discover 
tlie  relations  ofp  and  q  to  r,  by  finding  their  relations 
to  p' ;  and  these  relations  may  be  known  from  the 
equations  of  the  traces  of  the  two  planes  on  the  plane 
of  the  xi/y  when  referred  to  the  pointy. 

The  equations  of  these  traces  are  obtained  by 
making  z  =  o  in  the  two  preceding  equations,  whence 

the  equation  of  the  trace  d  e,  is  ^  -f-  ^  =:   1     (1) 

p        q 

and  of  6  c     .     .     .     .     .     .     .   ^  + -5^  =  1     (2) 

pi       pi 

But  as  both  traces  pass  through  the  point  /^  the 
values  of  X  and  ofy  must  be  equal  in  both  equations. 

Hence  from  equation  (1),  y  =z  y  —  2-£ 

P 
(2),  y  -=1  p'  —    X 

Therefore    .     .    y  —  i^  -=.  p  —  x 

P 

X  —  or^  =  /?'  —  q 
P 

X(l— i)=//  —q 
P 

—  P'  —  q 


X 


1  -1 

p 


3  A  2 
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In  the  like  manner  we  may  find 

9 
But  at  the  pointy,  xz:z.y, 

therefore  .     .     .  ^        ^-  :=  ^ 


1  —  i        1  _•£ 
whence     .     .    .  jo'  =  -^ 


P+? 


./ 


P    = 


9     ~ 


2q-p' 


2p^p' 

As  we  know  that  p'  z=:2r^  and  that  r  cannot  be 
less  than  1,  p'  cannot  be  less  than  2;  and  it  must,  in 
relation  to  any  particular  plane  of  mod.  e,  be  either 
25  4,  6^  8y  or  some  greater  even  number^  according 
to  the  number  of  molecules  supposed  to  be  contained 
in  the  defect  occasioned  by  that  plane. 

It  may  be  easily  seen  that  when  p*  =  2,  we  must 

have  q  zz  — 
^       2 

But  as  the  indices  of  planes,  produced  by  inter- 
mediary decrements  must  be  whole  numbers,  it  fol- 
lows that  the  planes  ab  c^  and  a  d  Cj  cannot  both 
pass  through  the  pointy)  unless  p'  be  greater  than  S. 

Let  »'  =  4,  and  4  =  zlS 

P+i     ^ 

whence    p  =z  — ?_ 
^         q—2 

If  we  regard  the  figure  360,  we  may  perceive  that 
if  o  b,  which  we  have  called  /?',  be  considered  equal 
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to  4,  tbe  line  o  d^.  which  w^  have  called  j,  mus^  be 
greater  tbqn  2;  for  as  the  line  6  c  is  equally  divided 
at  the  pointy  iS  d  o  zp  d  h,  the  line  d  /  would  be 
parallel  to  a  c 

Therefore  when  p'  ==  4,  we  must  have  q  =  3^  and 
consequently  p  =  6. 

And  as  r  =z  1- ,  •if  we  suppose  the  value  of  j  to  be 

sQccessively  increa^d  to  4,  5,  bj  &c,  we  shall  have 
the  following  series  of  indices  to  represent  the  series 
of  planes  of  class  /. 

p  :=:  6         q  =  3         r  =  2 

.     .  20        .     .    5  .     .     .    4 

.     .  42        .     .    7        .     •    6 
&c. 


From  what  has  been  stated  in  the  preceding  pages^ 
it  will  be  readily  perceived,  that  when,  in  addition  to 
the  inclination  of  the  primary  planes  to  each  other^ 
we  know  (he  unit  of  comparison,  and  the  inclination 
of  the  secondary  plane  to  the  primary  plane  along 
which  the  decrement  is  conceived  to  proceed,  we 
may  immediately  determine  the  law  of  decrement. 
For  we  can  from  these  data  directly  deduce  the  ratio 
of  the  lines  of  the  defect  corresponding  with  those 
from  whence  we  derive  our  unit;  and  if  we  divide  this 
ratio  by  our  assumed  unit,  we  obtain,  as  we  have 
before  observed,  the  law  of  decrement  producing  the 
plane  we  h^ve  measured. 
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The  preceding  sketch  of  the  methods  of  discovering 
the  laws  of  decrement,  will,  it  is  hoped,  be  generally 
found  sufficient  for  that  purpose,  whr  .  the  angles  at 
which  the  secondary  planes  incline  on  the  primary 
are  known,  and  where  the  ratios  of  the  edges  or 
other  lines  already  described  are  also  known. 

But  it  very  frequently  happens  that  the  whole  of 
the  primary  planes  are  obliterated  by  such  an  ex- 
tension of  the  secondary  planes,  asj^produces  an  entire 
secondary  crystal.  In  these  cases  we  must  recur  to 
cleavage  for  determining  the  relative  positions  of  the 
primary  and  secondary  planes,  and  for  measuring 
the  angle  at  which  they  meet.  The  cleavage  planes 
which  we  m$iy  adopt  as  the  primary  set,,  if  more  than 
one  set  be  discoverable,  should  he  those  which  are 
most  compatible  with  the  observed  secondary  forms. 


Having  thus  given  an  outline  of  the  solution  of  our 
first  problem,  by  shewing  how  the  laws  of  decrement 
may  be  determined  from  certain  data,  we  shall  pro- 
ceed to  examine  the  second,  and  to  ascertain  how  the 
angles  may  be  dttermined  at  which  the  secondary 
planes  incline  on  the  primary^  the  elements  of  the  pri' 
maryform^  and  the  law  of  decrement^  being  knoion^  ■ 

The  methods  used  for  determining  these  angles, 
will  be  nearly  similar  to  those  already  described  for 
determining  the  laws  of  decrement. 

The  plane  triangles  which  have  been  used  for 
determining  the  laws  of  decrement,  have  been  both 
right-angled  and  oblique. 

Where  a  law  of  decrement  is  e^cpressed  by  n^eans 
of  the  ratio  of  the  sides  of  a  right-angkd  triangle^  the 
angles  are  readily  found  by  reducing  the  ratio  to  that 
of  radius^  and  tangent  of  the  required  angle. 
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Fig.  361 


Let  fig.  361  represent  a  section  of  any  crystal  whose 
planes  af^  a  g,  are  perpendicular  to  each  other,  and 
let  the  lines  bc^b  d,  bcj  be  sections  of  planes  modify-  * 
ing  the  edge  or  angle  g  af. 

Thus  let  us  suppose  that  we  have  the  law  of  decre- 
ment given  by  which  the  plane  b  c  has  been  produced ; 
and  let  the  required  angle  g  c  bhe  called  /• 

Let  the  ascertained  ratio  of  the  edges  a  g*,  af^  be 

as  5  :  4,  and  the  law  of  decrement  producing  the 

plane  b  c^he  I  row  of  molecules. 

4 
It  follows  that  a  c  :  a  6  ::  5  :  4  ::  1  :  —. 

5 
Bat  we  also  have  a  c  :  a  b  ::  R  :  tang,  (180* — /) 

therefore  i  =  -8  =  tang.  (180"—/) 

u 

and  *S,  in  the  table  of  natural  tangents,  is  the  tang. 
of  angle  38°  4^  nearly,  =  180°— J; 
therefore  /  ==  180^— (38"  40')  =  141'  20'. 

If  we  suppose  b  d  the  section  of  a  plane  resulting 
from  a  decrement  by  2  rows  in  breadth,  we  should 

obviously  have 

o 
a  d  :  a  6  ::  10  :  4  ::  5  :  2  ::  1  :  ~. 

6 

And  if  we  call  the  angle  gdb^  /',  we  must  have 

adi  ab  iiR.  tang.  (180"—/') 
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whence  *  =  -4  =  tan  (180*=*— /')  =  21'  48'  nearly, 
5 

hence  /'  =  180'-.(2P  48')  =  168-  12'. 

By  this  method  we  may  in  all  similar  cases  deter- 
mine any  required  angle,  whatever  may  be  the  ratio 
of  a  g*  :  af. 

Where  the  planes  a  c,  ah^  are  not  at  ri^ht  angles 

to  each  other,  the  angle  c  ah^  may  be  either  acute 

or  obtuse*     In  either  case  knowing  the  angle  c  a  6, 

and  the  particular  values  of  a  c  and  a  by  deduced 

from  the  known  ratio  of  m  :  ;i,  and  from  the  given 

law  of  decrement,  we  may  obtain  the  angle  a  be  from 

the  formula 

I   ,        rf'.  tanff.  i  s 
tang.  4-  a  ==  ^"    ^ 

where  d  =z  difference  of  required  angles, 
d'  =  difference  of  given  sides, 
8    zz.  sum  of  required  angles  =r  180* — given 

angle, 
s'  zr  sum  of  given  sides. 

Where  spherical  triangles  have  been  used  for  de- 
termining the  law  of  decrement,  they  may  also  be 
used  for  determbing  the  anglesf  of  the  secondary 
planes  with  the  primary,  the  law  of  decrement  being 
known ;  with  this  difference  however,  that  where  in 
the  former  examples  we  have  sought  the  sides  of 
those  triangles,  knowing  the  angles,  we  have  now  to 
determine  the  angles  from  the  given  sides  :  and  the 
sides  are  known  from  the  plane  angles  of  the  primary 
crystal,  and  from  the  ratio  of  the  edges  of  the  defect 
of  the  primary  form,  as  deduced  from  the  ratios  of 
the  corresponding  primaryedges,  and  the  law  of  de<* 
crement. 
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'91^9  fHreceding^  parte  of  this  section  suppose  the 
angles  known  %t  which  the  secondary  plane  whose 
law  of  decrement  is  required,  ifielines  on  one  or 
more  of  the  primary  planes.  But  it  may  sometimes 
occur  that  the  inclination  jyf  the  secondary  ^n  ihe 
primary  planes  cannot  be  directly  obtained.  In  cer- 
tain cases,  where  this  happens,  ihelaws  of  decrement 
ma/  be  deduced  from  the  inclination  of  the  secondarj 
planes  to  each  other. 

We  shall  suppose  in  the  following  examples  of  one 
or  two  particular  and  simple  casesof  ll^is  pfrture,  that 

thl?  upit  pf  comparison  is  ex^r^^^^f)  by ^,  and  the 

ratio  of  the  edges  or  other  lines  of  the  defect  by 

P  "*.     Wheiice  ^  will   express   the   law   of  decre- 
qn  q 

ment  by  p  molecules  in  breadth  and  q  molecules  in 

height. 

It  has  been  already  stated  that  where  an  edge  is 

replaced  by  two  similar  planes,   m  will  always  be 

found  to  eqiual  n^  and  the  fr^K^tion  P—,  or  its  equi* 

q  n 

yulen^  ^  ynyxen  redifced  to  its  Iqw^st  terms  in  wimple 

numbers,  will  express  the  ratio  of  the  edges  of  the 
defect.  \ 

h  J^t  us  ^uppos^  Uie  edg^  ^f  $i  cufe^  v^fi^e^f^y 
2  nmUar  places  as  in  rood,  f^  qv  t^e  l^tom) 
0dg^  of  a  right  ^qju^fe  frjsm,  as  in  p^.  e^ 
And  let  the  inclination  of  the  secondary  plaM9 
to  ie^ch  other  b^  caliod.  /.    We  ^haU  ^4 

p  _  R 

q         tang.  (|  /^iS'^) 

3« 
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and  the  inclination  of  either  of  the  new  planes 
on  the  adjacent  primary  plane  would  be 
=  225'— i/. 

.  2.  Let  the  lateral  edges  of  the  right  or  oblique 
rhombic  prism,  or  any  edge  of  the  rhomboid 
be  modified  by  2  similar  planes,  and  let  the 
inclination  of  the  pi^'imary  planes  to  each  other 
=  If  and  that  of  the  secondary  planes  to  each 
other  =  i '. 

Then  P  =  gJii^  [180'-(|  J^-H/)] 
q  sin.  a  r—i  I) 

And  the  inclination  of  either  of  the  new  planes 

on  the  adjacent   primary  planes    would    be 


The  following  application  to  a  particular  case  of 
the  proposed  methods  of  calculation,  will  probably 
be  sufficient  to  illustrate  their  general  use. 

It  will  be  found  convenient,  if  we  have  to  deter- 
mine the  laws  of  decrement  producing  secondary 
planes  upon  any  primary  form,  to  determine  in 
the  first  place  the  particular  values  of  such  of  the 
elements  of  that  form  as  we  may  require  for  ascer- 
taining those  laws  of  decrement;  and  the  values 
so -determined  may  be  reserved  for  any  future  occa- 
sion. 

Let  it  be  required  to  determine  the  elements  of 
the  rhomboid  of  carbonate  of  lime  : 
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Here~ihe  angle 
/,  =c  106' 6' 
/,  =    74«65' 
A.=  101«55'. 


We  have  seen  that  cos.  i  A,  rz  -    , 

2  sin.  i  /. 

By  means  of  the  tables  of  logarithms  we  find  the 
angle  iA,,  thuS) 

log.  R* =20' 

log.  2 =    0-3010300 

log.  sin.  i  I,  zz, 

log.  sin.  52*  32*  30"   =r   9-8997088 

10*2007388 


Therefore      .    .    .    log.  cos.  iA,  =   9-7998612 


Therefore  f  ^ ,  =  50*  57'  30^,  and  consequently 
A*  =  101*  55'. 

At  =  78*  5' 

Ag  zz  63*  44'  45",  which  majbe  found  thus  from  the 

formula.  .  .  cos.  ^3  :=  cot  60- cot  |  J, 

_  cot.  60«  cot.  52*  Sg*  30" 

R 

log.  cot  60-    .    •     .    =    9.7614394 
log,  cot  Sa- SS' 30"      =    9.8843264 

19.6457658 
log.  R      ....      z=  10.  — ^— 

log.  cos.  ^3     .    .    .    =    9.6457658 

Therefore  angle  .4,  =  63*  44'  45". 


3  B  2 
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J^  =  45**  2&  26",  which  may  be  thus  Standi 

J         R.  COS.  i  I,         R.  COS.  S8'  SSr  39^' 

cos    iil     •""  *      '     •— ~  _ 

*  sin.  60°  ^.6(^ 


log.  R     .     .     .    •    =  10*  

log.  COS.  ff?  32'  30"  3=    9-7840353 

19-7840353 
16^.  ^In.  6(r     .     .     ==:    9-9375306 


log.  cosrf^,-     .     .     =    9-84e5047 

Therefore  angle  J^  =  45^^  23'  S6". 
^,  =  109*8' 11". 
-4«  =  70' 51' 49". 


ThO  (Mlomfig  ratios  may  be  known,  froor  tike  tables 
of  ..natural  sines,  &c.  when  we  require  the  nearest 
whole  numberi  hj  ^Mch  they  nmy.be  repr^eniad; 
or  their  logarithms  may  be  takeri.frdkti  the  jtfrbles, 
when  we  use  logarithms  only  in  our  calculations. 

Perpendicular  on  axis  drawn  from  lateral  solid 
angle :  axis  ::  -^  tan.-^g  :  R  ::  ^  tang.  63*  44'  45"  :  R 

::  i  2*0i^74!679  :  1  ::  -©758093  :  1. 

This  maj  be  reduced  with  sufficient  accuracy  to 
its  lowest  eqarvalent  terms  in  whole  numbers,  by 
means  of  a  commos  sliding  >*u'^?  ^"^  ^iU  ^^  found 
as  23  :  34  very  nearly*       . 

Or  if  the  logarithms  be  required,  we  have 
log.  tang.  6y  44'  «S^'  :=t  10-3069454 
log.  3    .     .     .    ^    r  :^    flf-4771213 

9-2298241 
log.  R  •     .    •     .     .    =  10    ■    ■ 

.Ml  fr  ;    ^ 

—    0-0701759 


:  tangvi  ^t  -  B  :  tangf.  SO"  67'  3ff'  :j  1  :  18330626 

::  17  :  21  very  nearly. 

or  log.  R       .     .    •     .    =  JO' 


i»  I* 


log.  tang.  30* 57'  30"  =  J009D9881 

—    00909851 


^  axis  :  |  oblique  diagonal  ::  cos.  A^  :  R 
zi  COS.  ear  ik4i!  45"  :  R  t:  '^89639  i  1  »  31 :  70  vdry 
nearly.  ... 

or  log.  COS.  63'  44'  46"    =    9l-a*57e98    ■   . 
loaf.  R     .    .    .    «     =10'  ■•'■'■  .1. 

—    0-3342302    , 

^  axis  ;  4 horizontal cHagoAsQ  ::  cos.  |  A^':  tihjg^.  '^A^' 
:t  e03.  31*  52'  gS"  :  tang.  50*  ^'  ^'  ir'S!**^ 
:  1*23S0626  ::  11  :  16  nearly.  .    .      .  . 

or  log.  tos.  31"  52' 22"     =    9-9S902i6 

log.  tang.  50*  57'  3D"  i:  10-090986 1      '  '      ' 


rffai  X'.    ,1  1     i.ii    ■■ 

r-    0'1&19«95 

>    1    I  f       1 


II 


•|  oblique  diaf^onal ;  edge  ;:  e^s.  |  ^,  :  R 
;:  COS.  50°  57'  30"  :  R  ::  -6298254  4  1 :;  1?  2 19  Bearly. 
or  log.  COS.  50^*  57' 30"    =    6-7992615 
log.  R       i     .     .     .     =:  10'  - — ' 

_    0  8Q073$5 


I  horizontal  diagonal.:  edge  ::  sin.  iA-,  :  R  ' 
::  sin.  50°  57'  30"  :  R  ::  -7766881  :  1  ::  7  ;  9  nearly, 
or  log.  sin.  50'  57'  30"   .=    9-8902466 
log.  R      ....      :=  10'  '    .      ii . 


_    0- 1097534 
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I  horizaotal  diagonal :  perpei^dicular  ft n  (fig.  358  ^9) 
::  sin:  i'A,    s  cos.  (A^^^JQO")   ::  tin/ 50"  67'  SO": 
:  COS.  19'  8'  11"  ::  '7766881 1  -9447409  :i  46 ;  56  nearly, 
or  log.  sin.  50^  57'  30"     =    9-8902466 . 
log.  COS.  19-  8'  11"      =    9-9753128 

—    00850662 


Having    thns    determined    the    elements   of   the* 
rhomboid  of  carbonate  of  lime,   which  we  may  re^f 
mark  are  all  deduced  from  the  single  angle  /;,  we 
may  proceed  to  determine  the  laws  of  decrenient 
producing  any  of  its^  observed  secondary  planes. 

Let  us  now  suppose  that  we  have  measured  the 
inclinqifioQ  .to  the  plane  P^  of  a  plane  belonging  ta 
class  i&,<>f.  the  rhoifibQid,  and  that  we  have  found  it 
l'43'*28'.  " 

We  have  already  seen  in  p.  366,  that  the  ratio  of 
those  lines  of  the. detect  occdsioued  by  the  planes  b, 
from  which  the  law  of  decrement  is  to  be  deduced, 
may  be  expressed  by  the  fraction 

-  simC/g— ^J 
sin.^lSO^—Zg) 

In  relation  to  th^  plane  we  have  measured  we  find 

'  I,  =  143"  28' 
and  we  have  found    .    -rf,  =  109**    8'  11" 

therefore  1^—^^  "  .     .      =34'*  19'  40" 

and  ISO**^^/^  is  evidently   =   :36°  32'. 

The  ratio  bf  those  lines  of  the  defect  from  which 
the  law  of  decrement  may  be  deduced^  is  therefore  ^ 
in  this  particultir  case  ... 

.        sin.  ^4**  19'  49" 
sin.  36o  32' 
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If  we  recur  to  the  tables  of  na/2ira/5Mie^i  we  shall 
find  the  numbers  constituting  this  ratio  to  be  nearly 

,  which  fraction  beins  reduced  to  its  lowest 

595a'  »  . 

terms  will  be  — .     . 

This,  as  we  have  already  shewn,  is  to  be  divided 

by  the  unit  of  comparison ;  which  in  this  instance  is 

the  ratio  of  |  the  oblique  diagonal  to  an  ^dge,  and 

12 
^as  been  found  equal  to   _. 

But  todivide  —  by  — ,'  we  must  invert  the  terms 

19    "^   19 

of  the  latter  fraction,  and  then   multiply  the  first 

by  it, 

XM  18  ,19  _  18        3       ..  .     .  I         ^ 

Hence   —  V  —   =  —  =  — i  which  gives  a  law  of 

19  ^  12        12        2'  ^ 

decrement  by  S  rows  in  breadth  and  2  in  height  pro- 
ceeding along  the  plane  P. 

If  however  instead  of  using  the  natural  sines,  &c. 
we  use  only  logarithms,  the  law  of  decrement  may  be 
thus  determined. 

log.  sin.  34*  19^  49"  =  9-7512503 
log.  sin.  36^  32'         =  97747288 

—  0-0234783 


(     1 


To  divide  this  by  the  unit  of  comparison,  we  must 
subtract  the  logarithm  of  that  unit,  which  is  given  in 
jp.  381,  from  the  above  logarithm  of  the  ratio  of  the 
edges  of  the  defect;  this  may  be  done*by  the  ordi- 
nary method  of  subtracting  algebraic  quantities,  by 
changing  the  sign  of  the  quantity  to  be  &Qbtracte({ 
and  then  adding ;  '  .        , 
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hmce  if  to  —  0«0eS4783 
we  add  .  . -f  0'9007S86 


we  have      -f-  0*1772603  as  the  logarithm 

of  the  natural  number  which  is  to  determine  the  Jaw 
of  decrement. 

But  the  natural  number  correRponding  toO'1772608 
Is  1*504,  and  which,  if  we  disregard  the  last  figure, 
4,    may  obviously   be    expressed    by    the   fraction 

.— ■  r=  ~,  a  result  similar  to  that   which  has  been 
alreai^y  foirnd  by  oieans  of  the  natural  jsio^s. 

Fig,3§2. 


Let  us  next  require  the  law  of  an  intermediarj 
decrement  producing^  particular  modification  of  the 
rhomboid  belonging  to  dass  4»  And  let  us  supjiose 
f hat  we  have  mi^asured  the  inclination  to  P  ^nd  P',  of 
that  plane  with  the  letter  d  vpon  it,  which  rests 
op  P',  see  fig^  p.  204. 

JLet  d  90  P  be  found  =  132"  13' 
d . .  P'    .  .  •  .   =  145*  57' 
Hence  180'— 132"  13'  =  47*47',  which  we  may  call  /« 
and       180*'— 145*  57  =  34*  3'      ....../, 

/j  it  will  be  recollected  is  105*  5'. 
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We  Bnt  reqyiiNe  the  ^ne  angles  efd,  dfgf  fig. 
96]^  wfakhinaj  be  thus,  found. 

sia. i\/  efd  = 

R  i/-«o8'.l  (-^.+^6+^)  COM  (I.-\-l,~I,~ 
'  sin.  /,  sin.  /« 


R  ;< /-^08.  i  (/.+/,+/)  COS.  I  (/.4-/,-/7r" 
'^  sin.  /j  sin.  /, 


Bui  /.  =  105'   5'   • 

le  =   47*  47' 


152*  52'+/,,  34*  3*  =186'  55',  i  of  which 

is  93"  27' 30 


and  .  .  .  152*52'    —     34*  3'=118' 49',  i  of  which 

is  59"  24'  30 
Again  /.  =  105"  5' 
/,  =    34'  3' 

139"8'+/fi,  47^47'±=186*55'  f  of  which 

— is  93'  27'  30" 


and  ...  .   139;  8'    —    47"  47'=  9P  21',  i  of  which 

is  45"  40'  30". 
The  preceding  general  formulae  therefore  become, 
sin.  i  V  e/d  z= 


n\/- 


cos.  ^3""  27'  dO"  COS.  59'  34'  30" 


sin.  lOb""  5'  sin.  47"  47' 

sin.  |v^/S-  = 
R  -f/— COS.  93°  27'  30"  cos.  45°  40'  SO" 


sin  105°  5'  sin.  34'  3' 

Th^se  equations  rody  be  resolved  by  the  assistance 
of  thi6  tabl6  of  logarithms  in  the  following  manner. 

3c 
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log.—cos.  93'  27' 30"=!.  cos.  86*  32'.  30"  =:  8-7804792 
log.  COS.  59"  24' 30"     .....    .    ,    .    =9-7066463 

18-4871255 
log.  sin.  lOS"  5'=1.  sin.74'  53'=9-9847740 

log.  sin.  47"  47'     ....  =9-8695891 

^ 19.8543631 

To  extract  the  square  root  of  this  quotient, — 1.3672376 


■"^ 


divide  it  by  2,  and  i  is  =  —  0-6836188 
log.  R.        .•••.••..      =:  10*  ■* 

log.  sin.  iy  efd =    9-3163812 

therefore  \  sj  efd  ■=.  11°  57'  28",  and  consequently 
V  efd  =  23*  54'  56". 

log.—cos.  93"  ^>  30"=1.  COS.  86»  32*  30"  =  8.7804792 
log.  COS.  45"  40'  30" =9-8443079 

18-6247871 
log.  sin.  105'"5'=1.8in.74-'55'=9-9847740 

log.  sin.  34*  3'     ...     .    =97481230  - 

.- 19-7328970 

divide  by  2      .     .    -^     1-10S1099 

and  §  is       .    .     .    _    0-5540549 
log.  R     ..........=  10-  '— 

log.  sin.  I  V  ^fS =    9-4459451 


^ 


Therefore  |  V  ^fS  =  16'  12'  49",  and  consequently 

V  dfg  =  32°  25'  38". 
Now  as  we  know  the  angle  e  df^z/dg  :=  101*  55' 
we  therefore  know  the  angle  d  ef=:  45"  10'  4" 

andrfg-/=45"39'22" 
}ind  hence  dfide  ::  sin.  54"  10'  4"  :  sin.  23"  54'  56" 

::  8107  :  4054 

-.:  4  :  2 


\ 


-^ijaws  of  dscs£m«nt.  Stnr 

and    .     .    d/:rfg'::8m.45'39'22":8in.32v25'38" 

.:  7152  :  6S60, 

::  4  :  3 

If  we  again  dispense  with  the  use  of  natural  sines, 
we  may  still  derive  the  same  result  by  means  of  the 
logarithms  of  those  sines. 
For  log.  sin.  54"  KV  4"    =  9-9088794 
log.  sin.  23'  54'  56"  =  9-6078695 

0-3010099 


The  natural  number  corresponding  to  this  result* 
iug  log.  is  3  very  nearly,  which  may  be  represented 

by  the  fraction  —  =:  — 

And  log.  sin.  45°  Sf^  88"  =  9-8544077 
log.  sin.  aar  25'  S8"  =  9-7293493 

•  -  0-1250584 


_  •  • 

The  natural  number  corresponding  to  this  resulting 

log.  is  1-3337  =  l^l^ll  =  i,  which  gives  the  same 
^  .      1-0000        3  ^ 

law  of  decrement  as  that  already  found. 

The  general  symbol  to  represent  the  plane  t  f  g^ 
would  be   (B'r  Bp  B"q),    and  it?  particular  symbol 
will  be  found  by  substituting  in  this  general  symbol, 
for  the  letters  p,  ;,  and  r,  the  particular  values  of 
the  indices  as  we  have  just  found  them.     We  shall 
then  have  the  symbol  (B'2  B4  B"3),  which  repre- 
sents this  particular  plane,   and  signifies  that  the 
compound  molecule  abstracted  in  the  production  of 
this  plane  belongs  to  a.  treble  plate,  or  is  3  molecules' 
in  height,  2  in  the  direction  of  the  edge  B',  and  4  in 
the  direction  of  the  edge  B. 

3  G  2 
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Let  US  now  reqiUre  tha  toicUnfttioii  tq  tfie  primiiy 
planes,  of  tb^  planes  whQ»e  Jaw  of  decrement  we 
have  just  detevoiined. 

And  first  of  tli^  plaoe  e  t  c,  fig.  S62,  wko^e  sjrmlrol 

is  A. 

4 

The  inclinatiqin  of  illiflipl^i^e  tii  tjbe  primary  is  equal 

to  the  angle  a  b  c,  fig.  36S;  .to  obtain  which  we  must 

first  know  the  angle  dhe* 

The  law  of  decrement  being  3  molecules  in  breadth 
and  2  in  height,  and  the  decrement  in  breadth  being 
measured  by  ^  an  oblique  diagonal  and  an  edge,  it 
follows  that  the  ratio  of  the  lines  of  the  defect  may 
be  thus  expressed, 

db  :  dc  ::  3  half  oblique  diagonals  :  Sedges. 
But  we  have  before  seen  that 

i  oblique  diagonal  :  edge  ::  12  :  19 
we  have  therefore  (/&  :  dc  i:  3x12  :  2x19  '-  36  :  38. 

The  sum  of  the  sides  d  b,  dc,  of  the  triangle  dbc 
ig  therefore  38  -|r  36  ==  74 ;  a«d  their  diffeirenqQ  is 
38  —  36  =  S. 

* 

The  angle  dbc  whic{i  we  reqijiire,  is  evidently  the 
greater  of  the  two,  angles  dbc  and  d  c  b^ 

Now  the  sum  of  these  two^iingles  ia 
180^—^^  =z  180'— 109"  8'  IF  =  7Q''  51'  49"  of  whielt 
\  =:  35''  25'  54". 

But  to  find  the  grea^ter  single,  we  mwt.  silso.  knoiw; 
their  difl^rence^  which,  we^  i»ay  disco^ver  by  iq^eaos  qH 
the  general  formula  given  in  p^  376. 

tang.  id=   ^'  ^J-  ^  ' 

which  formula  in  relation  to  this  particular  case  be* 
comes 

tang,  i  d  =  2  tang.  35'  Wl  5i" 
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fVom  the  tables  <)f  logarithms  ire  jBaA 
log.  2    .....    =  0-3010300 
log.  tang.  35*  25'  54"  =  9-8521719 

1*       ■  ■    ■  -  • 

10-1532019 
log.  74       .    .    .     .     =  1-8692317 


log.  tang.  I  rf     .     .    =:  8-2839702 

Therefore 

I  difference  of  th^  angles  dbc  and  dcbz=    1*    6'    6'' 

and  I  their  sum  being =  35"  23'  54" 

the  greater  angle  dbe    .  \     .    .     .    =:  36^  32' 


and  y  cbaiB  consequently  ISO'—SS*  32'=  143* 28'. 

If  we  turn  to  p.  382,  we  may  observe  that  this 
angle  is  the  same  we  are  suppo«ied  to  have  found  by 
measurement,  aiid  &<mu  which  we  have  deduced  the 
law  of  dacrc^ment. 


We  shall  now  deduce  the  inclination  of  the  plane 
efg  to  each  of  the  adjacent  primary  planes,  from 
the  known  law  of  decrement  producing  it,,  and.  from 
the  known  angles'/,  and  A^. 

The  symbol  of  this  plane  being  as  we  have  already 
seen  (B'2  B4  B"3},  tbe  edges  dcy  df^  dgy  of  fig.  362y 
are  as  follow?, 

de  zn  2 

df  =  4, 

dg  =  3 

The  angle  e  dfy  Qi  fdg^  corresponds  to  A^y  which 
has  been  found  z=:  IQP  55'. 

Consequently  the  sum  of  the  unknown  angles  dfe 
and  def^  or  dfg  and  d  gf,  is  =  78*  5'. 
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We  require  the  plane. angles  dfe^  and  dfgjwidch 
are  evidently  less  than  d.efand  dgf. 

1.  To  find  the  angle  dfe^  from  the  formula 

tang.  id  =  ^'  *""g-  JL 

s' 

we  have  df'\-de  =  4  -|"  2  =  6 
rf/_rfe=:4  — 2  =  !^ 
and  \  the  sum  of  the  unknown  angleszrSQ'S'SO" 

therefore  tang,  f  rf  =  2tang.39'g'30'' 

6 
log.  2      .     .     .     .    =  0-3010300 
log.  tang.  39*  2*  30"  =  9-9090M9 

10  2100449 
log.  6      .    .    .    .    =  6-7781513 


long.  tang.  \d     .    =  94318936 

Therefore  \  the  difference  of  the  unknowff 
angles  =  15*  7'  38" 

and  consequently Vrf/c  =39'  2'  30"— 15'  7'  38* 

=23'  54'  52". 

2.  To  find  the  angle  dfg^ 

we  have  df^fg  =  4  -f  3  =  7 

d/_/g-=z:4-3  =  l 

and  \  s  as  before  =  39''  2'  30'' 

*!.      r      *         I  ^        tan^.  39^  2'  30" 
therefore  tang.  |  a  = ^ 

log.  tang.  39"  2'  30"  =  9-9090149 
log.  7      .     .     .     .     =  0-843098a 

log.  tang,  id    .     .     =  90639169 

therefore  irf  =  6"  36'  31" 

and  y  dfg=39''  2'  30"=:6'  36''31"=:32-  25'  Sg''. 
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Having  thus  found  the  plane  angles  dfe^  dfg^ 
which  may  be  regarded  as  the  sides  of  a  spherical 
triangle,  we  may  from  these  and  the  angle  /.^  deduce 
the  i-alues  of  th^  angles  subtended  hy  these  sides. 

Let  us  call  the  angle  subtended  by  the  side  dfgy 
I^y  and  that  subtended  by  rf/c,  7^. 

We  have  v  dfg  +  \/df€=3T  25'  59"+2y  54'  52" 

.   =56°  20' 51" 
y  dfg  —  \/df€=32'  25'  59"-^23*  54'  52" 

=  8*  31'  7" 
and  i  56*  2(y  51"  =  28°  10'  25" 
i    8°31'    7"=    4M5'S3" 
I  /.  =  52"  32'  30". 
Having  thus  two  of  the  sides  and  an  angle,  of  a 
spherical  triangle,  whose  other  angles  are  Jg  and  J^, 
we  may  find  i  the  sum,  and  |  the  difference,  of  the 
angles /e  and/^,  and  thence  the  value  of  each,  in 
the  following  manner. 

1.  Tojind  i  their  sum. 

T.T    x  r\_  cot. 52' 32' 30"  cos.4*  15' 33' 
tang.  ^{/a+/.) cos.  28'  10'  25^ 

log.  cot.  52^*  32'  30"    ==  9-8843264 
log.  cos.    4' 15' 32     =9-9987989 

19-8831253^ 
loff.  COS.  28"  10'  25"   =  9  9452316' 

log.  tang.  I  (/e+A  -  99378937 


Therefore  i  (/«4-/,)  =  40'  55'  2* 


/  O//^ 
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..  8.  To  find  i  tkeir  tUffsrence^ 

«»-„  lYT  T  ^  —  cot.  52"  33?  SO"  8in.4'  15'  33^ 
ta»g.  i(/.-/, ) 3t„.  ^.  jy  ^ 

I05.  cot.  52'  32*  30"    =r  9'8843264 
log.  sin.    4*  15'  SS"    =  8-8707728 

18-7550992 
log.  sin^  28*  10'  26"  =  9-6740791 

log.  tang.  f(/j—/,)  ri:  9  0810201 

Therefore  f  (/«—/,)  =  6'  52'  18" 
Therefore 

/e  =  40*  ,55'  2"  4-  e*  5r  18"  =  47»  47'  20" 
/,  =  40"  55'  2"  —  6"  62'  18"  =  34'  2*  44" 
and  the  inclination  of  the  plane  efg  i%  con- 
sequently 

on  P  =  180"— 47"  47'  20"  =  132"  12'  40" 
P'  =  180"— 34-    2'  44"  =  1450  67'  16" 

M^hich  are  very  nearly  the  angles  we  are  sup- 
posed to  have  found  by  meastiremeiit  of.  the 
crystal,  as  given  in  p.  384,  and  from  which  we 
deduced  the  I^w  of  decrement  we  hare  here 
supposed  to  be  known. 

The  instances  here  selected  to  illustrate  the  me« 
thods  of  calciflatron  previously  described,  are  among 
the  most  compHeated  that  are  likely  to  occur;  and 
they  have  been  so  selected,  because  they  contain  more 
of  the  varieties  of  formulae  than  will  comm6nly  pre- 
sent themselves  during  our  researches. 


ON  THE    DIRECT    DETERMINATION   OF 
.     THE  LAWS  OF  DECREMENT  F|U)M  THE 

PARALLELISM    OF    THE  8ECONIURY 

EDGES  OF  CRYSTALS. 


Tnm  resources  of  crjstallograpliy  for  deieriimiin|r 
the  laws  of  decf ement  by  nrlricb  secondaiy  jfrhtnes  are 
^rodtced,  ate  not  limited  to  tbe  methods  already 
explained.  In  certain  cases  those  laws  may  be  deter- 
mQed,  independently  of  the  angle  at  which  the 
secondary  plane  inclines  on  the  primary,  by  means  of 
the  parallelisms  which  are  observed  to  exist  between 
two  of  the  edges  of  the  secondary  plane,  and  two 
«ither  known  edges  of  the  crystal ;  or  sometimes  one 
kBOwn  edge,  and  a  diagonal  of  the  primary  fcrm. 

One  of  the  simplest  instances  of  the  distmctive 
character  conferred  on  a  secondary  plane  by  the  paral- 
lelism of  its  edges,  is  that  by  which  the  planes 
produced  by  simple  or  mixed  decrements  are  dis- 
tinguished from  those  produced  by  intermediary 
decrements. 

We  may  also  refer  for  an  illustration  to  the  tables  of 
modifications  of  the  right  square  prism*  The  paral- 
lelism of  the  lateral  edges  of  the  plane  d,  to  the 
lateral  edge  of  the  prism,  implies  that  plane  d  is  pnro'i' 

3d 
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duced  by  a  simple  or  mixed  decrement  on  a  lateral 
edge  of  the  prism;*  and  the  parallelism  of  the  diago- 
nal of  the  terminal  plane,  to  the  edge  at  which  the 
secondary  plane  d  intersects  that  plane,  indicates  a 
decrement  by  1  row  on  the  lateral  edge  of  the  prism  ; 
for  it  is  obvious  that  the  edges  of  the  defect  are  here 
proportional  to  the  primary  edges. 

Cases  however  of  a  much  more  complicated  nature 
,fnay  be,  determi^ned  by,ineans  of  the  paralleliso).  of 
the  eflges  6f  crystals." 

^  We  are  i niddbtied  to  tile  Abbe  flkuy  for  the  earliest 
i>b^ei(Yat^ons  which  occur  dn  this  .  siibject.  He  re- 
marked, among  other,  i^fitaoees^  that  wheqeveif  the 
terminal  edges,  and  the  solid  angles,  of  the  hex- 
agonal prism,  were  replaced  at  the  same  time,  if 
tl^^  J  decrement  in  breadth  on  th^.  edge  happeq^j' to 
.h^  4'^u^e  that  pn  the  angle,  the  opppsite  edges  of 
the  plane  replacing  the  solid  angje  would  be  paraU 
lel^  i^nd  the  figure  of  th^t  plane  w«ould  be.a  rhoinb. . 
.  .'^.memoir  by  Mr.  Mppteiro,  on  the  determination 
of  the  law:  of  decrement  producing  ^  new  Variety  of 
^arbon^te  of  lime,  was  inserted  in  -^p:  201  of  the 
^Jpprnal  des  Mines  for  September  .181;^  and  aq  oQ/t« 
4ina,oJ^.it  is  given  here  as  an  e>(ainp]ex>f  tb^.  Inethod 
used  to  determine  that  law.  This  memoir  illustrates 
.the  utility  of  this  method  of  determining  tbf  laws  of 
^d^creraent^  by  .its  application  to  a  case  where,  the 
.angle  could  not  be  measured  at  which  the  secondary 
plane  whose  law  of  decrement  wa^  required,  inclined 
on  the.primary,:or  on  any  other  plane;  whose  rela- 
tion to  the  primary  was  known.  y. 

*  U  is  apparent  that  the  plane  d  is  pjirjillel  to  the  edge  it  replaces-; 
and  it  may  be  observed  generally,  that  whenever  the  edges  of  a 
•ecbndary  plane  are  parallel,  the  plane  itself  is  parallerto  the  edge  it 

teptocet.  ..    ..      ^  .'    .     -. 
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Fig.  363. 


Mr.  Monteiro  had  undertaken  to  describe  a  new 
crystal  of  carbonate  of  lime,  as  exhibited  in  fig.  36S, 
the  planes  o  of  which  were  so  imperfect,  .that  they 
could  not  ,be  subjet^ted  to  the  goniometer^  and  cbn« 
sequeiitiy  the.  law  oif  decrement  by  .whieh  they  were 
produced,  could  not  be  deteiinined .  by  the  ordinary 
methods.  Two  parallelismis  of  their  edges,  however, 
enabled  Mn  M.  to  determine  that  law  geometrically, 
without  knowing  .the  inclination  t^o  ahy  othei^  plane, 
of  the  secondary  planes  in  question.  . C  * 

.  The  planes,/,  /',  wereifo«m4  to  correspond  With 
mod.  /  ofv  th^  .rhomboid,  and  were  observed  to  be  stri- 
ated, as  those  planes  frequently  are,  in  the  direction 
0f  their  oblique  diagonals;  thiff direction'. Mugpa-i 
rallel  to  thesuperior  edges  of  the  primary '.rhcMnboid; 
'  The.position  of  the  planes  7,  and  /'-,  rekU^ir^y  to  the 
edge  of  the  primary  form  being  thus  known,  it  wa^ 
readily  perceived  that  the  plane  e  corresponded  with 
mpdl'e  of  the  same  rhomboid,  and  the  planes  o,'  with 
some  piurtieular  modification i>elongiDg.to<cla^  o.s 


BX^Zr   . 


...     •!.';,     » 


999  Ai»r»i«it*x-T— an  ?¥#>  t 

Fig.  364. 


liet  fig.  S64  represent  the  primarj  Thomfaoid  of 
earboaatie  of  lime.  The  plioie  1%  fig.  363,  is  known 
to  rssiiU  (Jrtum  a  decrteient  bj  l'n>vr  oin'tbe  superior 
edges  of  that  rhowbofd«  The  lines  i  i^  I  m^  wotdd 
tfaerefere  represent  itbe  intersectioxis  of  tlra  plime 
V  with  the  {ttinmry  planes,  the  points  /,  andm,  beinif 
the  niddle  of  the  edges  df^zMAfU 
'From  the  middle  of  the  edge  dsy  dmw  hif^  hfi 
and  the  triangle  b  h  f  would  represent  the  poeition 
eh  the  primary  femrj  of  the  plane  e,  fig.  363. 

The  planes  I'  and  e  are  thus  eheer ved  to  inlerseet 
eaeh  other  at  the  points  c  and  H,  and  conseqoendjr 
the  line  e  fij  wonld  correspond  with  the  common  edge 
of  tke  planes  l^  and  e^  if  that  edge  were  visifale  in 
%.a63. 

The  first  parallelism  observed  hf  Mr.  Montdro 
«tBs  between  the  line  of  interse<^ioii  of  the  planes 
o'  and  /,  and  the  striae  on, die  plane  L  The  plane  f/  oa 
some  of  the  crystals  he  examined,  was  so  much  broader 
than  the  plane  o,  as  to  exhibit  this  parallelism  dis- 
tinctly. ' 

But  as  the  striae  are  parallel  to  an  edge  of  the  pri- 
mary form,  the  edge  at  which  the  plane  o'  intersects 
the  plane  /,  must  be  parallel  to  an  edge  of  the  pri- 
mary form,  and  evidently  to  the  edge  a  b  of  fig.  364. 

The  second  parallelism  observed  was  |»etween  those 


edg^M  of  the  plane  o%  whidi  are  produced  by  its  in- 
tersection with  the  planes  /'  and  e.  From  this  paral*' 
leliafll,  «8  it  has  l>een  already  renmrked,  it  is  known 
tbat  tlie  plane  o'  is  itself  parallel  to  the  edge  at  which 
the  plane  /  and  e  meet. 

We  have  thus  obtained  two  conditicHis,  which  en- 
able lis  to  place  tfae  plane  o'  on  the  primary  form. 

First  an  edge  of  tibat  plane  is  parallel  to  the  edge 
a  b  of  fig*.  364)  and  secondly  the  plane  itself  is  paral** 
let  to,  and  consequently  may  coincide  with,  the  lind 
c  fly  which  represents  Uie  edge  at  which  the  planes  i 
and  «  meet. 

If  therefore  we  draw  the  line  q  r,  parallel  to  a  b^ 
and  passing  through  the  point  c,  and  the  line  op, 
parallel  to  q  r,  and  passing  through  the  point  rty  we 
shall,  by  joining  o  f ,  and  p  r,  obtain  the  position  on 
the  primary  form  of  the  plane  o'. 

And  the  ratio  of  i;  d  to  d  o,  will  eyidently  give  the 
law  of  decrement  by  which  the  plane  o'  has  been  pro« 
duced. 

This  ratio  Mr.  Monteiro  says  is  easily  deduced, 
but  be  does  not  point  out  the  method  of  discovering 
it;  it  iv  kowever  very  obvious. 


JLet  the  plane  d/st  be  represented  by  fii;.  365^ 
Produce  d/,  and  from  the  point  A,  draw  A  v,  parallel 
to  I  nij  whence  d  r  ==  I/;  and  because  the  triangles 
vfhy  //w,  are  similar,  nf  is  evidently  -J  of  A/;  and 
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if  we  draw  n  x,  parallel  d  A,  the  triangles  i^/n,  dj^h 
are  sionilar,  and  x  n  =:  d  o  is  ^  of  dh* 

But  dhzz  dg,  %.  S64.  Thepkne  o'  is  produced 
therefore  by  a  decrement,  consisting  of  3  rows  in 
breadth,  on  the  plane  d  b  af, 

^  This  demonstration,  it  diay  be  rematk^d,  is  pnrelj 
geometrical,  and  limited  in-  its  appircation^  to'  tliis 
particular  case.  The  same  method  might  however 
be  adapted  to  other  cases;  bat  the  problem  would 
frequently  become  extremely  compiiesitedj  and  d^ffi- 
^ult  of  solution  by  the  aid  of  geohtdtry  alone. 

Perceiving  this  difficulty,  and  the  limited  nature  of 
the  method  itself,  Mr.  Levy  has  generalised  the  pro- 
blem by  giving  it  an  algebraical  form,  and  has  pub- 
lished an  interesting  paper  on  the  subject  in  the  6th 
vol.  of  the  Edinburgh  Philosophical  Journal,  p.  S27. 
In  this  paper,  Mr.  L.  has  given  formulae  for  deter- 
mining the  law  of  decrement,  by  which  any  secondary 
plane,  modifying  any  parallelopiped,  is  produced, 
whenever  two  of  the  edges  of  that  plane,  not  being 
parallel  to  each  other,  are  parallel  to  two  known 
edges  of  the  crystal. 

The  following  brief  abstract  of  Mr.  Levy's  paper 
is  inserted  here,  for  the  purpose  of  affording  the 
reader  a  more  immediate  refei^ence  to  the  formulae  it 
supplies ;  and  as  an  additional  example  of  a  method  of 
investigation,  which  may  be  advantageously  applied 
to  other  points  of  crystallographical  research. 

To  derive  these  formulae,  Mr.  Levy  has  first  sup- 
posed the  edges  of  the  primary  form  to  be  represented 
by  three  co-ordinate  axes,  and  the  primary  planes, 
consequently,  to  correspond  to  the  three  co-ordinate 
planes.  He  has  then  found  the  equations  of  all  the 
planes  concerned  in  the  solution  of  the  problem; 
and  by  combining  these  equations,  has  obtained  the 
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equations  oTthe  projections  upon  .one  of  the  co- 
ordinfite  planes,  of  those  intersections  of  the  known 
.planes,  to  which  the  edg^es  of  the  new  plane  are 
respectively  parallel.  And  from  the  necessary  rela- 
tion subsisting  among  the  co^efficiehts  of  some  of 
the  terms  of  these  equatioivs,  tlie  following  equs^tions 
are  derived. 

Let  jo^,  q^y  r^,  be  the  unknown  indices  of  the  new 
p)ap^,  whjch  we  ehall  call  plane  5.  Letp,,  q^y  r^^ 
aBd/7«y  q^f  r«,  be  the  known  indices  of  two  planes 
to  whose  intersection  one  edge  of  plane  5  is  parallel. 
And  let  p,,  q^^  rj,  and  p^,  y^,  r^,  be  the  known 
indices  of  two  other  planes,  to  whose  intersection 
another  edge  of  plane  5  is  parallel.  The  particular 
values  of  the  indices  of  the  planes  I,  2,  3,  and  4 
being  substituted  for  the  general  indices  of  those 
planes  in  the  following  equations,  the  particular 
values  of  the  indices  of  plane  5  will  be  obtained. 


(I)  ^ 


(J L)    (-i--  J-) 

+fJi- J-VY  — --^Y 


•4>*. 


\1^P^         i<^pJ  ,  VP.''*.       Pi  rj, 

\r.q,  r,  qj      \p,  q^  q,pj 

VP,  r^         p,  rj     \q^  r,         q^  rj 
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Tke  two  preceding  equations  are  thejfnoBl:  general 
that  can  be  imagined. 

If  the  known  planes  1  andS,  be  parallel  to  a  diago* 
nal  of  the  terminal  plane  of  the  primary  form,  the 
plane  5  will  be  parallel  to  the  same  diag4MMiL;  in 
this  case  p,  =fo  and  p.  =  y.;  and  the  valaet  of 

Bj  and  ?i  become  equal ;  and  by  reducing  the  above 

equations,  after  the  necessary  substitutions  are  made, 
the  following  will  result. 

1 

(3)  ^-^^  -  (^  -  — )+(—  -M 

V?3^  ^?4>'         Vs^  ^3PJ 

The  indices  of  the  planes  I  and  S,  it  will  be  re- 
marked, have  disappeared  from  this  formula,  since 
the  condition  of  planes  5  being  parallel  to  a  diagonal 
of  the  primary  form,  does  not  depend  upon  any 
secondary  plane. 

If  we  now  suppose  the  planes  1  and  2  parallel  to  a 
lateral  edge  of  the  primary  plane,  the  plane  5  will 
be  parallel  to  the  same  edge ;  then  r  .^  and  r^,  become 

infinite,  and  the  rallies  of  CJ,  tSy  become  infinite 


r^ 


T       r 
's     •   s 


also.  But  if,  instead  of  substituting  the  infinite  in 
equations  1  and  2,  for  the  indices  of  planes  1  and  2, 
we  divide  the  first  equation  by  the  second,  we  shall 
obtaiti  a  new  equation  which  does  not  contain  the 
indices  of  planes  1  and  9,  and  which  gives  the  values 
of  the  indices  p^  and  f^^  in  function  of  the  indices 
of  planes  3  and  4. 

J 1_^ 

P,  -  yt^     ^t^^ 
^  -   1         1 

H5  ^       


Pt  ^*         Pa  ^ 
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The  first,  second,  and  third  of  these  formuls  are 
complicated  from  the  generality  which  has  been 
giwn  to  them.  They  are  all  remarkable  too,  for  not 
containing  the  values  of  the  primary  edges,  which 
were  used  in  the  preliminary  equations. 

The  linear  dimensions  of  the  primary  form  are  not 
therefore  necessary  to  determine  the  laws  of  decre- 
ment of  such  planes  as  those  we  have  been  consider- 
.  ingk  Nor  can  the  dimensions  of  the  primary  form  be 
deduced  from  any  observation  of  parallelism  between 
the  edges  of  a  secondary  crystal. 

It  is  necessary  to  add  that  if  any  of  the  planes  1  to 
5,  should  cut  one  of  the  co-ordinate  axes  on  the  nega- 
'.tive  side,  its  index  referring  to  that  axis  must  be 
taken  negatively  in  the  preceding  formulae. 

As  this  short  abstract  is  given  merely  to  introduce 
the  formulae,  the  reader  will  more  thoroughly  com- 
prehend the  author's  views,  by  consulting  the  paper 
itself. 
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ON  THE  METHODS  OF  DRAWING  THE 
FIGURES  OF  CRYSTAtS. 

The  representation  of  ^urf^es,  or  of  solid  boiiies^ 
Mp<^n  9  phne,  is  the  object  of  the  ^rt  of  porspective. 
The  theory  uppn  which  this  art  has  been  founded^ 
$;upposes  gi^  in^ag^in^ry  transparent  skreen  to  be  inter- 
posed between  the  eye  of  the  observer  and  the  object 
to  be  reprcisent^d ;  and  it  supposes  also  that  the  rays 
pf  light  which  p^ss  from  the  object  to  the  eye  through 
^he  skreep,  should  become,  as  it  were,  fixed  at  its  sur- 
face, so  that  when  the  object  is  removed,  its  figure 
or  representation  should  still  remain  apparent  on  the 
skreen.  And  the  rules  of  perspective  teach  the 
methods  of  delineating  the  figures  of  objects  upon 
a  plane,  in  such  a  manner,  as  to  resemble  the  appear- 
ance they  would  present  to  the  eye  if  seen  through  the 
plane  on  which  they  are  delineated,  supposing  (hat 
plane  to  be  transparent,  and  held  between  the  object 
represented  and  the  eye. 

A  more  &miliar  conception  of  the  nature  of  a  per- 
spective representation  maybe  derived  from  looking 
at  a  building,  or  along  a  street,  through  a  piece  of 
glass,  and  marking  lines  on  the  surface  of  the  glass 
coinciding  with  the  lines  of  the  object  we  are 
observing,  through  it.  These  lines,  if  accurately 
traced,  will  evidently  represent  the  object  to  the  eye, 
such  as  It  appeared  when  seen  through  the  glass. 
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PJg.  366. 


ir  we  look  along  a  street,  and  imagine  tfaat  we  are 
seeing  it  through  a  transparent  skreen,  the  upper  and 
lower  edges  of  the  fronts  of*  the  houses,  which  we 
know  to  be  nearly  if  not  aeeurately  parallel,  appear 
to  converge  at  the  temote  end  of  the  street,  forming 
a  series  of  lines  od  the  skreeh  something  like  that 
shewn  in  fig.  366^ 

And  it  is  obvious  that  if  tbis  mass  of  houses  were 
a  single  solid  body,  and  even  if  it  were  very  much 
reduced  in  dimensions,  it  must  still  be  represented 
on  a  plane  surface  by  lines  some  of  which  must  con- 
verge, as  those  representing  the  upper  and  lower 
edges  of  the  supposed  ftonts  of  the  houses  do  in  the 
above  figure. 

Btit  a  represehtatioti  of  t^e  figured  of  crystals  iit 
ibk  manner  would  not  convey  a  sufficiently  precise 
notion  of  tbeir  forms,  and  it  would  be  e;(ctremety 
difficult  to  understand  the  figures  of  complicated 
secondary  crystals,  if  they  were  thus  traced. 

In  order  to  retain  in  the  drawings  of  crystals  the 
apparent  symmetry  6f  their  forms,  another  kind  of 
perspective  Has  been  used,  which  is  JLnown  hy  tlie 
mtme  of  orthographic  or  geometrical  projection^  >or 
simjply  by  that  of  projection. 

In  tbift  kind  of  perspective,  the  dbfeet  t&  he^  repre*^ 
flouted  18  ftttpposed  to  be  removed  to  an  infinite  dis- 
tance from  the  eye ;  in  consequence  of  vrhich  att  the 
lines  which  are  parallel  in  the  figure  would  appear 
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parallel  upon  our  supposed  transparent  skreen,  and 
not  converffing  as  they  do  in  the  above  diagram.* 

The  method  of  representing  crystals  in  projection 
may  be  thus  explained.  Let  us  for  a  moment  forget 
the  abstract  notion  of  the  object  being  removed  to  an 
infinite  distance  from  the  eye,  and  let  us  imagine  it 
distinctly  within  our  view. 


Fig.  367. 


Let  the  figure  to  be  represented,  be  a  cube;  and 
let  us  imagine  this  cube  to  be  resting  upon  a  Aort- 
zontal  surfkce,  and  the  eye  to  be  placed  opposite  one 
of  its  planes,  and  in  the  direction  of  a  line  drawn 
perpendicularly  through  the  centre  of  that  plane. 

In  these  relative  positions  of  the  eye  and  the  crys- 
tal, oiily  that  plane  opposite  to  the  eye  will  be  visi- 
ble; and  if  a  transparent  skreen  were  interposed 
between  the  eye  and  the  crystal,  and  held  parallel  to 
the  plane  which  is  seen,  the  only  linear  traces  which 
could  be  marked  on  the  skreen  would  be  the  edges  of 
the  observed  plane,  as  represented  in  fig.  367. 

*  This  theoretical  notion  of  the  infinite  distance  of  the  object,  is  bor- 
rowed from  mathematical  considerations  of  the  nature  of  infinite  lines; 
and  may  be  taken  here  merely  to  imply  what  is  stated  in  the  text,  that 
the  edges,  or  other  Knes,  which  are  parallel  on  the  crystals,  are  to  be 
represented  by  parallel  lines  in  the  drawing. 
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Fig.  368. 


If  we  now  suppose  the  eye  and  the  skreen  to  be 
moved  horizontally  toward  the  right  of  the  spectator, 
the  skreen  retaining  its  parallelism  to  the  plane  F', 
the  rays  proceeding  from  the  edges  of  that  plane, 
may  be  conceived  to  pass  obliquely  towards  the 
skreen  in  its  new  position,  and  the  edges  of  the  plane 
P"  will  now  be  visible,  and  may  be  traced  on  the 
skreen  as  in  fig.  368.  If  we  suppose  the  eye  and  the 
interposed  skreen  to  move  round  the  crystal,  the 
skreen  retaining  its  perpendicular  position,  but  ceas- 
ing to  be  parallel  to  any  plane  of  the  cube,  excepting 
at  some  particular  points  of  its  progress,  it  will  be 
obvious,  that  while  the  eye  and  the  skreen  continue 
to  move  in  the  same  horizontal  plane^  the  vertical 
planes  of  the  crystal,  and  those  only,  will  become 
visible  in  succession  ;  but  the  terminal  plane  will 
not  be  perceived.  To  see  the  terminal  plane  we 
must  suppose  the  eye  and  the  skreen  to  be  raised ; 
or,  if  the  eye  retain  its  position,  the  back  of  the  crys- 
tal must  be  elevated* 
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Fig.  S69. 


If— il  »    ■  1  ■!■■  I 

P'  P 


It  will  be  more  consistent  with  most  of  the  follow- 
ing explanations  of  the  methods  of  drawing  the 
figures  of  crystals^  to  suppose  the  position  of  the  eye 
fixed,  and  the  bafck  of  the  crystal  to  be  elevated. 

In  this  new  relative  position  of  the  crystal  and  the 
eye,  the  figure  traced  on  the  interposed  skreen, 
would  resemble  that  exhibited  in  fig.  369. 


It  is  evident  from  the  preceding  explanation,  that 
the  relative  positions  of  the  eye,  the  object,  and  the 
skreen,  may  be  varied  at  pleasure,  so  as  to  produce 
in  the  drawing,  such  a  representation  of  the  object 
as  best  suits  the  illustration  it  is  intended  to'  afford. 
And  although,  as  it  has  been  stated  in  p.  lOS,  an 
advantage  will  generally  attend  the  placing  the 
figures  of  crystals  belonging  to  the  same  class  of 
primary  forms  always  in  the  same  position,  there 
may  nevertheless  be  exceptions  to  this  rule  when  the 
position  of  the  modifying  planes  on  the  secondary 
crystal,  is  such,  as  to  require  some  new  position  for 
their  more  perfect  exhibition.  The  position  chosen 
by  the  Abb6  Haiiy  for  the  crystal  of  felspar,  is  per- 
haps the  best  that  could  be  adopted  for  exhibiting 
advantageously  the  secondary  planes  of  the  crystals 
of  that  substance  ;  yet  the  front  lateral  planes  of  his 
figure  correspond  to  the  back  planes  of  the  doubly 
oblique  prism  as  it  is  given  in  the  tables  of  modi- 
fications. 
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'  Having  thus  given  a  brief  outline  of  the  theory  of 
geometrical  projection,  we  shall  proceed  to  shew 
how  the  forms  of  crystals  may  be  accurately  deli- 
neated, without  entering  into  any  further  general 
explanation  of  the  means  which  will  be  employed  for 
this  purpose. 

To  draw  a  Cube* 
.  Fig.  370. 


^K 


X" 


I 


T\ 
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On  the  line  a  ft,  describe  the  square  abed.  Let 
the  line  e  khe  parallel  to  a  ft. 

From  the  points  ab  c  d^  draw  the  lines  ce^  a  r^  dfy 
h  k^  and  let  these  lines  be  more  or  less  oblique,  as 
the  side  Ay*m  «  is  to  be  rendered  more  or  less 
visible. 

Draw  the  perpendiculars  e  o^  r  q^  fpy  k  v.     Take 
e  g"  equal  ef^  and  draw  g  A  parallel  to  ef^  and  eghf 
ift  consequently  a  square. 

For  the  purpose  of  shewing  the  plane g  Im  hoi 
the  cube,  the  back  of  the  figure  is  supposed  to  be  a 
little  elevated.       . 
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To  represent  this  elevation  take  some  portion,  as 
i  A:,  of  the  line  k  zj,  and  draw  / 1 ;  the  portion  i  k 
may  be  greater  or  less  according  as  more  or  less  of 
the  plane  g  I  m  h  is  required  to  be  seen. 

Draw  e  Hy  g  If  hm^  parallel  to  ft;  and  Im^n  iy 
parallel  to  g  h^  and  the  figure  represents  a  cube. 

To  draw  a  Square  Prism* 

The  square  prism  differs  from  the  cube  only  in  its 
comparative  height. 

Let  us  suppose  we  have  to  represent  a  square 
prism,  whose  terminal  edge  is  to  its  lateral  edge  as 
S  to  3;  we  may  divide  the  terminal  edge  e  f  in 
two  parts,  and  make  e  o  equal  to  three  of  those 
parts,  and  then  complete  the  figure  as  represented  in 
the  diagram.  And  we  may,  by  a  similar  proceeding, 
make  the  lateral  edge  of  the  prism  bear  any  givra 
proportion  to  the  terminal  edge. 

To  draw  a  Right  Rectangular  Prism. 

To  draw  a  right  rectangular  prism,  make  the  lines 
a  Cy  c  d,  of  the  preceding  figure,  proportional  to  the 
corresponding  terminal  edges  of  the  particular  prism 
we  wish  to  represent;  and  having  proceeded  to  draw 
and  elevate  the  base  of  the  figure  as  for  the  cube, 
make  e  g  proportional  to  the  third  dimension,  or 
height  of  the  pri^m,  and  then  complete  the  figure  by 
drawing  the  parallel  lines  as  before. 

It  has  been  already  stated  that  when  the  angles  of 
the  base  of  a  prism,  or  octahedron,  are  right  angles, 
the  figure  of  the  crystal  is  drawn  with  one  of  the 
edges  of  its  base  horizontal ;  but  where  those  angles 
are  not  rignt  angles,  the  diagonal  of  the  base  is  hori- 
zontal in  the  figure,  and  the  terminal  edges  are 
described  by  oblique  lines. 
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To  draw  a  Right  Rhombic  Prism. 


Fig.  371. 


Let  a  b  represent  the  greater  diagonal  of  a  right 
rhombic  prism,  and  let  the  rhomb  a  c  b  d  represent 
the  base  of  the  particular  prism  we  are  about  to  de- 
lineate. 

The  angle  a  d  b  o{  the  prism  is  supposed  to  be 
known,  and  that  angle  of  the  figure  may  be  made 
equal  to  it,  by  adjusting  the  arms  of  the  common 
goniometer  to  the  re(j[uired  angle,  and  using  them  as 
a  rule  to  draw  the  lines  a  d,  d  b. 

Draw  e  h  parallel  to  a  b  ;  and  also  the  oblique  lines 
af^  c  gy  dh,  b  I,  these  being,  as  before,  drawn  more 
or  less  oblique,  according  as  we  wish  to  exhibit  a 
greater  or  less  difference  between  the  two  lateral 
planes  of  the  prism  shewn  in  the  front  of  the  figure, 

To  elevate  the  back  part  of  the  prism  in  order  to 
exhibit  the  terminal  plane,  take  i  i'  equal  toff;  and 
draw  h  t',  hf^  and  their  parallels. 

Let  the  lateral  edge  hkhe  drawn  Iii  such  proportion 
to  the  terminal  edge  a  dy  as  it  has  been  found  by  cal- 
culation on  the  particular  crystal  we  are  delineating ; 
and  draw  the  upper  terminal  edges  parallel  to  the 
'lower  ones. 
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To  draw  a  Right  Oblique-angled  Prism, 

Fig.  372* 


The  right  oblique-angled  prism  may  be  drawn  ia  a 
similar  manner,  keeping  the  diagonal  a  b  horizontal, 
and  making  the  angle  a  d  b,  and  the  ratios  of  the 
edges  d  a,  d  b,  and  g  m,  such  as  they  are  found  in  the 
prism  of  which  we  propose  to  give  the  figure. 
'  The  oblique  rhombic  prism  may  be  drawn  in  a  man- 
ner similar  to  the  two  preceding  prisms,  but  it  should 
have  a  little  more  elevation  given  to  the  back  of  the 
figure,  in  order  to  render  the  character  of  obliquity 
of  the  prism  more  conspicuous. 

From  the  necessity  of  elevating  the  back  of  right 
prisms  for  the  purpose  of  shewing  the  terminal  plane, 
it  is  apparent  that  the  character  of  obliquity  cannot 
be  conferred  on  a  figure  so  drawn,  otherwise  than 
by  elevating  the  back  of  it  rather  more  than  that  of 
the  right  prism. 

To  draw  the  Doubly-oblique  Prisni. 

The  double  obliquity  given  to  the  figure  of  this 
primary  form  in  the  tables  of  modifications,  is  too 
slight  to  convey  an  accurate  notion  of  its  general 
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character;  that  obliquity  is  therefore  considerably 
increased  in  the  following  figure. 

Fig.  373. 


Aa  the  lateral  angles  of  this  form  are  not  right 
angles,  its  base  obviously  cannot  rest  on  a  horizontal 
plane,  while  its  lateral  edges  are  perpendicular. 
To  obtain  its  horizontal  projection  therefore,  while; 
its  lateral  edges  are  perpendicular,  we  may  suppose 
those  edges  produced  until  they  touch  the  horizontal 
plane  f  nt,  over  which  the  figures  appears  to  stand. 

The  area  of  the  horizontal  projection  is  clearly 
less  than  the  base  of  the  figure,  and  may  be  knowa 
from  the  ratio  of  the  terminal  edges,  and  from  the 
plane  angles  of  the  lateral  planes ;  which  elements 
are  supposed  to  have  been  previously  determined. 
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Let  as  suppose  the  edge  hf  m\  fig.  373,  to  be  to  the 
edge  V  t'",  as  7  to  4,  and  to  the  edge  V  V  as  7  to  6. 

Let  the  line  a  6,  fig,  374,  be  the  length  we  may 
determine  upon  for  the  greater  terminal  edge  of  the 
prism ;  divide  this  into  7  equal  parts,  and  4  of  those 
parts  will  be  the  length  of  the  edge  Id  t'",  fig.  373, 
and  6  of  them  will  give  the  height  of  the  prism. 

Let  the  inclination  of  P  on  M,  fig.  373,  be  known 

and  called/., 
P  .  .  T      /., 

MT  / 

And  let  the  plane  angle  V"  k!  k"y  be  also  known  and 

called  A^^ 

k'k'm', A,. 

Aid  let  us  suppose  A^  an  acute,  and  ^^^  an  obtuse 
angle. 

It  is  evident  that  if  the  solid  angle  at  m\  of  such  a 
figure,  be  supposed  to  touch  the  horizontal  plane 
i  m,  the  lateral  edges  being  kept  perpendicular,  the 
solid  angle  at  k'  must  staiid  above  the  plane,  and  the 
solid  angle  at  t'''  still  more  above  it.  The  elevation 
of  the  point  at  kf  may  be  known  by  drawing  the  arc 
af^  fig,  374,  with  a  radius  a  d,  and  drawing  a  second 
radius  iy^  making  the  angle  a  hf-=z,  A^ — 90\ 

The  perpendicular  a  g*  dropped  on  th&  line/ 6, 
will  be  the  required  height  of  tb^  point  V  above  the 
horizontal  plane,  and  the  line  g  b  will  be  the  length 
of  the  horizontal  projection  of  the  greater  terminal 
edge  of  the  prism. 
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The  increased  elevation  of  the  point  at  t''^,  fig.  S7S, 
may   also  be  determined  by   drawing  Che  arc  c  dj 

fig.  374,  with  a  radius  c  b  equal  to  —  of  «  6,  and 

making  the  angle  c  b  df  equal  to  dO"* — A^.  The  per- 
pendicular c  e  will  be  the  increased  elevation  of  the 
point  at  i"\  fig.  373,  and  the  line  e  b  will  be  the 
horizontal  projection  of  the  lesser  terminal  edge  of 
the  prism. 

Having  thus  obtained  the  horizontal  projections 
of  the  terminal  edges  of  the  prism,  we  may  find  the 
vertical  projections  of  the  lateral  edges  in  the  fol- 
lowing manner. 

Let  the  horizontal  projection  of  the  greater  diago- 
nal of  the  terminal  plane  be  supposed  parallel  to  the 
line  f  tn,  fig,  373,  and  the  diagonal  g  e  of  the  plan 
g  b  e  kj  must  be  parallel  to  the  same  line. 


The  edges  of  this  plan  are  known  from  the  figure 
374.  The  length  of  the  line  g  e  may  be  determined 
by  simply  cutting  a  card  so  that  the  angle  g  6  c,  fig. 
373,  shall  be  equal  to  /j,  and  making  b  g*,  equal  to 
b  g,  fig.  374,  and  b  e,  equal  to  6  c  of  the  same  figure. 
The  point  b  of  the  card  being  laid  on  the  point  b  of 
fig.  373,  the  edge  ge  may  be  made  parallel  to  i  m,  by 
means  of  a  parallel  ruler,  and  the  lines  gb,  b  e,  being 
traced  by  a  pencil,  their  parallels  A  €,  A  g,  may  be 
drawn  to  complete  the  plan. 
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The  length  and  positioii  of  the  line  g  e  may  be  also 
very  easily  determined  geometrically. 

Make  b  p,  fig.  375,  equal  to  b  gj  fig.  374,  and  bn 
equal  to  6  e  of  the  same  figure.  From  6  as  a  centre, 
describe  the  semicircle  n  o,  and  the  segment  p  g« 
Take  n  e  equal  to  the  arc  of  90* — f  I^,  and  p  g  equal 
to  the  same  arc,  and  g^e  will  obviously  be  the  greater 
diagonal  of  the  horizontal  proj^ection  of  the  base  of 
the  prism. 

Knowing  the  horizontal  projection  g  b  e  hy  we 
may  proceed  to  the  projection  of  the  prism  ;  elevating 
i  t',  m  m',  sufficient  to  exhibit  the  terminal  plane, 
and  taking  k  k  equal  to  a  g,  fig.  374,  and  i"  i"'  equal 
to  c  €  of  the  same  figure. 

To  draw  a  Rhomboid. 
Fig.  376. 


</   /. 


The  ratio  of  the  axis,  to  a , perpendicular  drawn 
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upoii:^it  from  one  of  the  lateral  solid  angles  of  the 
particular  rhomboid  we  are  about  to  delineate,  is 
supposed  to  have  been  ascertained.* 

We  should  then  determine  the  height  our  proposed 
figure  is  to  be,  which  height  will  be  the  length  of 
its^axis.  Our  next  step  is  to  find  a  line  which 
bears  the  same  ratio  to  that  which  we  have  fixed  on 
for  the  axis  of  our  figure,  as  the  perpendicular  upon 
the  axis  of  the  crystal,  does  to  the  axis  itself.  This 
may  generally  be  done  with  sufficient  precision,  by 
dividing  the  line  we  have  assumed  for  our  axis  into 
such  a  number  of  equal  parts,  as  will  give  the  length 
of  the  required  line  in  some  other  number  of  those 
parts.  If,  for  example,  we  have  found,  that  the  per- 
pendicular upon  the  axis,  is  to  the  axis  itself,  in  the 
ratio  of  7  to  10,  and  if  we  determine  that  our  figure 
shall  be  an  inch  high,  the  required  line  will  be  evi- 
dently -^  of  an  inch. 

If,  however,  we  are  desirous  of  still  greater  accu- 
racy, we  may  draw  a  perpendicular  line  equal  to  that 
which  we  have  fixed  on  for  the  height  of  our  rhomb- 
oid, and  from  the  upper  extremity  of  this  line  draw 
a  second,  inclining  to  it  at  the  same  angle  that  the 
axis  does  to  a  superior  edge  of  the  rhomboid  we  are 
about  to  represent ;  and  if  we  now  divide  our  first 
line  into  three  equal  parts,  and  from  the  upper  point 
of  section,  draw  a  perp^idicular  to  it  which  shall 
pass  through  the  second  line,  the  portion  intercepted 
by  the  second  line  will  be  the  required  length  of  the 
perpendicular  upon  the  axis. 

With  a  radius  equal  to  this  line,  which  is,  in  the 
case  we  are  supposing,,  -f^  of  an  inch,  describe  the 
circle  ab  cdef^  fig.  376. 

*  The  method  of  ascertaining  this  ratio  has  been  already  pointed  out 
in  p.  S6S. 
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Diiride  the  circumference  of  this  ciarcLe  iiit<»  six 
equal  parts,  by  the  points  a  b  c  d^f  f,  as^  in  the  figure, 
and  draw  the  lines  a  d,  fbj  g  o^  ec^  within  the  circle. 
Draw  k  I  parallel  to  /  b.  Draw  the  oblique  lines 
shewn  in  the  figure,  from  the  several  points  on  the 
circumference  of  the  circle,  and  from  its  centre,  Co 
the  line  k  I;  and  from  the  several  points  in  that  line 
where  it  is  cut  by  the  oblique  lines,  raise  the  per- 
pendiculars  as  they  appear  in  the  figure.  On  the 
middle  perpendicular  line,  take  a  portion  3'  S',  equal 
■to  the  length  we  have  determined  on  for  the  axis  of 
the  rhomboid,  and  after  dividing  this  portion  into 
three  equal  parts,  draw  the  liues  m  n,pq,r  ^,  through 
the  upper  point  3,  and  through  the  points  of  division, 
and  parallel  to  the  line  k  L 

The  oblique  lines  are  to  be  drawn  more  or  less 
obliquely,  according  as  we  would  have  the  rhomboid 
appear  more  or  less  turned  round.  To  elevate  the 
back  of  the  rhomboid,  so  as  to  render  a  plane  trun- 
cating its  terminal  solid  angles  visib]e,  draw  d  i 
parallel  to  e  o,  and  join  a  t.  The  line  d  i  is  the  quan- 
tity of  elevation  intended  to  be  given  to  the  solid 
angle  of  of  the  rhomboid ;  and  the  lines  1  3,  0  3,  4  5. 
•are  the  proportional  quantities  which  the  other  solid 
angles  require  to  be  elevated  in  order  to  preserve 
the  symmetry  of  the  figure.  This  imaginary  elevation 
of  the  back  of  the  figure,  is  thus  produced  in  the 
drawing.  On  the  perpendicular  lines  4',  ^,  and 
4',  which  pass  through  the  line  m  tiy  take  i'  a!  equal 
to  d  i;  and  4'  f,  4'  6',  each  equal  to  the  line  4  5. 
On  the  perpendiculars,  1'  and  T,  which  pass  thrpogh 
the  line  p  f,  take  1^  e,  1'  c',  each  equal  to  the  line 
1  2.  And  on  the  perpendicular  3',  whith  passes 
through  the  lines  k  /,  and  r  s,  take  3'  0',  and  3f  0", 
each  equal  to  the  line  3  0.     From  the  several  points 
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thus  obtained,  and  from  the  point  dPy  draw  the  lines 
requisite  to  complete  the  figure. 

To  draw  the  Hexagonal  Prism, 
Fig.  377. 


'  i 


The  size  of  the  figure  should  bie 
Dmit  ibe  lines  u  by  Md  if,  paraftM  ld^^te«h  6t&er. 
•From  ti^  point  #  in  \he  Ikie  c  f,  deeertte  a  eircle 
mith  a  radkis  equjxl  to  the  Ktie  A'  g'^  ^Mdi  ie  to  be 
the  Aroat  «dge  of  the  priem.'  Draw  tb^  €k^k4»fg,  gk^ 
&C.  m»d  f^oiii  the  points  a,  f^  g,  kyi^  k^  draw  the 
^Uique  liaos  to  tlie  liite  a4^%  and  frO^^the  termination 
ttf /the  oblique  lines  art  that  liii^,  nifse  the  several 
perpendicftlars  flbtwn  in  the  figure.  To  elevate  the 
back  of  the  prism,  tal^e  «onie  quantity  t^  l^ffn^  om 
the  perpendiculars  at  i'  a«d/^;  draw  the  Knes  A' I,  and 
^  m^  and  cott](dete  the  base  by  drawing  paraMels  to 
t^se  wDd  to  V  €^,  AS  shewn  in  the  figui^.  Let  us 
mippose  the  height  of  the  prism  to  be  to  its  edge  as  5 
to  7;  divide  the  edge  K  g^  tfito  7  equat  parts,  and 
make  k  tf'  equal  to  6  of  those  parts.  Tll«o  complete 
the  figure  by  drawing  the  upper  termiiial  edges  paral- 
lel to  the  edges  of  the  base. 

3g 
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To  draw  the  Tetrahedron. 
Fig.  378. 


Draw  a  i  of  the  length  which  is  intended  to  be 
given  to  the  dotted  edge  a"  b"  of  the  figure,  and  draw 
p  q  parallel  to  ,a  6«.     - 

On  a  b  con9truct  the  eqiiilateral  triangle  ab  c,  and 
through  its  centre  h  draw  d  c,  which  will  be  perpen- 
dicular: to  €t  6.  From  the  points  a,  6,.c,  wd  A,  draw 
the  oblique  lines,  to  jp  q^  ^nd  from  the  points  where 
thej.cMtJth^t  tiueiattft',  ^S^'^  draw  the  perpendiculars 
sh^wn  in  the  figure.  Haying  determined  the  qiiaiv* 
tity  of  eleyatiod  to^  be  given  to  the  back  of  the  tetra- 
hedron, make  k  4y  on  the  line  a  6,  equal  to  that 
^quantity,  and  join;  k.  c ;  and  through  the  centre  h 
)dr.awy*^  parallel  to  a  b. ,  On  ,the  perpendiculars  from 
<»'  ^ad.  b[y  take  af  a'!,  and  b'  V\  each  equal  to  k  dy  and 
Ipiy  drawijig  thp  lines  c' «!',  c'  b'\  and  a"  fe",  thjs  base 
of  the  fignre.  wiU  be  delineated.  To  complete  the 
figure. we  nequii^e, the. line  o  m^  which  is  the. height 
of  the  crystal.  To  obtain  this  we  ma0t  have.recoursie 
to  the  following,  geometrical  construction. 
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We  nddy  obderVe  that  the  angle  m  on  of  the  upper 
figure  id  a  riglit  angle,  and  that  fhelibe  m  n  is  eqiial 
to  the  line  d'c  of  the  lower  figure.    Bat  t'w^  Ytiie^ 
drawn  froib  the  extremities  of  the '  diameter  of  a 
circle,  and  touching  each  other  at  Ifae^  ci'rcutnference, 
meet  at  a  right  angle.    It  is  ther^fdfe  obvious,  that 
if  we  describe  a  semicircle  on  the  line  c^  c  as  a  dia- 
meter, and  draw  the  etiord  d  i  equal  to  n  o,  or,  wl^ibh' 
is' the  same  thing,  to  d  k^  the  line  i  c  wil}  bd  the:  re- 
quired height  of  the  figure.    Oh  the  perpendicular' 
from -the  point  A'  on  the  line  p  q^  take'  h'  o  oqutal  to 
I  h  of  the  lower  figure,  and  take  o  m  equal  to  i  c. 
Join  m  a"f  m  c'\  mb"y  and  the  figure  is^  completed. 

To  draw  the  regular,  or  any  of  the  irregular 

Octahedrons, 


Draw  the  square,  rectangular,  or  rhombic  base, 
of  the  octahedron,  in  the  same  manner  as. the  bases  of 
the  prisms  of  those  forms  are  directed  to  be  drawn. 
Then  find  the  centre  of  the  base  a  ft  c,  hy  drawing 

3g2 
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tlw  two  diafofiajs ;  «Bd  through  th«t  ceatro  ,4raw  a 
line  4  le^  perpendicular  to  iW  «^Cii  if  Ue  b(iW:W 
squwK  or  rMtaoglar,  er  per^eadicivJar  (o  thebpri.- 
zrODtsI  diagoovly  if  t|w  bate  be  a  rfacpib.  On  .fbia. 
perpes^oulM-f  Mid  OD^  each  side  of  the  baiwy  tabe^ 
the  leugth  of  the  b»b  of  th*  p^itft^W  9cUhs4FOB 
we  sra  deliaeatitti^,  aid  dnw  liaes  from  the  exlie*. 
utficifs  qf  thaw  semi-uieBj  to  the  aB|:l»»  of  the  base. 

In  the  regulac  octf^tedron,  wbich  14  the  figar«. 
above  reprewoted)  the  sMni-axiB  ie  eqiuU  t«  (  the, 
diagtMul  of  the  horizontal  prt^eDt^xi  of  the  bsee. 

To  dnm  tHe  Xkambk  Bodeeabednn. 

rig.sso: 


The  easiest  method  of  drawing  this  6gure  is  to 
project  the  cube  aa  shewn  above,  and  throiigh  its 
centre  and  perpendicular  to  its  planes,  to  draw  the 
lines  abfCdf  tf. 

Those  lin^s  are  parallel  respectively  to  the  edges 
of  the  cube.  Take  on  each  line,  and  in  each  direc- 
tion from  the  point  in  the  centre  of  the  cube,  where 
the  lines  intersect  each  other,  a  quantity  equal  to 
that  edge  of  the  cube  to  which  the  particular  line  is 
parallel,  and  draw  lines  from  the  extremities  of  those 
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portioM  <if  thd  Ikies,  to  the  sotid  angles  oiP  the  eube. 
The  reiulliiig  igura  wili  be  tlra  rfaombio' dodeca-» 

Iti  tlM>  f>feo^ding  pages  the  raiis  of  ptn^ecilon 
faayts  beeD  apfitiecl  lo  the  dblfHeMion  of  enrly  (Ire 
priomr^  ferni  of  cryslaJs;  bdt  they  may  also*  be  «p« 
plied  to  the  delineation  of  some  of  the  secondary 
forms ;  these  may  however  be  more  easily  drawn 
either  by  truncating  the  figdres^of  the  primary  forms, 
or  by  circumscribing  tbot^e  primary  forms  with  the 
planes  of  the  secondary  crystal. 

When  the  secondary  form,  whether  it  be  simple  or 
compound,  is  to  b^  exhibited  in  it$  entire  state,  with 
all  the  primary  planes  efiaced,  the  best  method  will 
be  to  delineate  a  small  primary  form,  and  to  envelope 
that  with  the  secondary  planes ;  but  when  parts  of 
the  primary  planes  are  also  to  be  shewn  in  the  figare 
of  the  secondary  crystal,  a  larger  primary  form  may 
be  drawn,  and  then  be  truncated,  or  cut  down,, in  the 
same  manner  as  the  modifications  in  the  tables  are. 
drawn. 

The  fidelity  of  the  representation  of  any  secondary 
form,  must  obviously  depend  upon  the  accuracy  ot 
the poiitivfts  tit  ih^  feecorrdary  planes  relatively  to  the 
ortitoary  ntid  to  each  other.  And  as  it  is  by  the  in- 
iefsections  eft  those  planes  with  the  primary  or  with 
eaeh  other,  that  theif  positions  are  rendered  appa- 
rent, th^  accurate  construction  of  a  secondary  form, 
nrttst  depend  upon  the  accuracy  with  which  those 
iniersfectian^  afe  determined. 

Hence  the  rules  for  drawing  thre  secondary  forms 
of  crystals,  will  ap|)ly  chiefly  to  the  Weans  of  finding' 
flie  iftter«cctiofis  of  the  secondary  planes. 

Inhere  are  two  principal  methods  which  tnay  be 
used  for  this  purpose^  the  one  is  to  divi<}e  the  edges 
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of  the  primary  figure  we  are  about  io  truncate,  into 
such  a  numfaer  of  e(j[ual  parts,  as  may  enable  ns  to 
construct  the  required  secondary  planes  by  finding 
the  intersections  within  the  same  figure ;  the  other, 
and,  generally,  the  better  method,  is  to  produce  the 
primary  edges,  and  to  obtain  the  intersections  either 
wijthin  or  without  the  figure,  as  may  be  most  cod- 
venient. 


Fig.  381. 


As  an  example  of  the  first  of  these  methods,  let  us 
suppose  we  have  to  represent  a  square  prism  modified 
on  its  terminal  edges  by  planes  belonging  to  class  c 
6f  the  tables  of  modifications,  resulting  from  a  de- 
crement by  one  row  of  molecules,  and  whose  symbol 

would  consequently  be  B. 

Let  a  square  prism  be  drawn  in  penci),  of  the 
relative  dimensions  of  the  prism  to  be  represent^. 
Divide  the  terminal  edges  into  any  number  of  equal 
parts,  let  us  suppose  into  7  parts,  and  at  a  distance 
from  the  angle,  of  two,  or  any  other  number  of 
those  parts,  draw  the  lines  ab^  c  d,  and  their  parallels 
on  the  upper  and  lower  planes  of  the  figure.  Draw 
bfj  and  cf^  parallel  to  the  diagonals  of  the  planes 
on  which  they  are  drawn,  apd  c  f,  f  g,  and  their 
parallels,  on  the  lateral  planes.  The  line  bf,  is  one 
pf  the  intersections  of  the  modifying  planes,  and  is 
consequently  a  liew  edge,  of  the  secondary  figure. 
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The  other  corresponding  secondary  edges  being 
drawn,  a  secondary  form  will  result,  as  exhibited  by 
the  dark  lines  in  the  above  figure. 

Fig.  S82. 


Let  it  be  required  to  draw  a  right  rectangular 
prism,  with  two  planes  belonging  to  class  a  modi- 
fying each  of  the  solid  angles.  The  dimensions  of 
the  prism  are  supposed  to  have  been  ascertained, 
and  a  prism  is  to  be  drawn  in  pencil  corresponding 
in  relative  dimensions  with  our  observed  crystal. 

We  shall  suppose  the  symbols  of  the  two  secondary 
planes  to  have  been  found, 

(C2  Gi  B3)  and  (Ci  G3  B2). 

Let  each  of  the  edges  be  divided  into  7  equal 
parts;  the  plane  represented  by  the  first  symbol 
would  be  traced  by  the  lines  a  b^  aCy  b  c,  and  that 
represented  by  the  second  would  be  traced  by  the 
lines jTA,  h  g.  But  it  is  apparent  that  the  two  planes 
would  intersect  each  other  in  the  linecfe,  and  that 
otnlythe  portions  ad  ecy  and  deh,  of  the  new  planes, 
would  be  visible  upon  the  secondary  crystal.  The 
same  process  being  repeated  on  the  other  solid 
angles^  the  modified  form,  as  shewn  by  the  inner  lines 
of  the  figure,  would  be  produced. 


'  * 
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Fig.  SS3. 


But  it  would  frequeitlj  be  inconvenient^  if  not 
impracticable,  when  several  modifications  are  to 
be  represented  on  the  same  crystal,  to  trace  tke 
requisite  interaectwNis  within  the  crystal,  on  nccount 
of  the  minuteness  of  the  secondary  planes,  and  the 
number  and  proximitj  of  the  lines  which  niast  be 
drawn  in  order  to  exhibit  them.  We  may,  under 
such  circumstances,  resort  to  a  construction,  of  tbe 
character  of  that  exhibited  in  fig.  383.  Let  us  sup- 
pose we  have  to  draw  a  doubly-oblique  prism  modi- 
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fied  on  the  solid  angle  at  O  of  fig.  318,  by  two  planes 
whose  symbdis  are  (Di  H3  Fi),  and  O*.  If  we  pro- 
duce the  edge  i  d  to  a,  so  that  i  a  is  equal  to  twice 
f  d,  and  make  i  c  z=  3  i  k,  it  is  evident  that  a  b  c 
might  be  the  position  of  the  first  plane  upon  an 
enlarged  primary  form.  And  if  we  make  i  e  zn  2  i  b^ 
and'j/zr  2  i  i*,  d  e^  will  represent  the  second  plane 
upon  the  same  enlarged  primary  form.  But  the 
edges  of  the  two  planes  intersect  each  other  at  the 
points  g  and  h;  and  the  line  g  h  is  consequently 
the  secondary  edge  at  wfait^h  the  planes  intersect 
each  other.  Having  found  this  intei^ecting  line  on 
No.  1,  as  well  as  the  poskrons  of  the  intersections  of 
the  primary  with  the  secondary  planes,  we  may  pro- 
ceed to  construct  the  secondary  figure,  No.  2.  To 
do  this,  we  should  first  draw  a  primary  form  In  pen- 
cil, similar  and  parallel  to  dib  k  of  No.  1,  and  taking 
any  point  a,  in  the  edge  i  dy  draw  a  c  parallel  to  a  c 
No.  1.  Take  some  point  e  in  the  edge  /  6,  such  that 
the  part  exhibited  of  the  plane  d  ef^  should  be  pro- 
portional in  some  iheasure  to  the  part  exhibited  of 
the  plane  a  b  c. 

This  proportion  must  depend  on  circumstances,  and 
on  the  particular  illustration  our  figure  is  intended  to 
afibrd.  For  we  ihsiy  evidently  give  any  comparative 
extension  we  please  to  the  two  planes,  by  taking  one 
of  the  points  a  or  e,  No.  2,  nearer  to  d  or  b. 

Having  fixed  on  the  points  a  and  e,  No.  2,  we  may 
draw  a  g^  g  c,  g  ky  c  h^  parallel  to  the  correspond- 
ing lines  of  No.  I ;  and  drawing-  the  lines  at  the  back 
of  the  figure  parallel  to  those  oi)  the  froiit,  the 
secondary  form  will  be  completed. 

In  the  future  part  of  tbfs  sectioiiy  the  planes  analo- 
gous to  a  6  c,  and  d  e  f^  will  be  termed  direcling 
pkmes  ;  and  their  edges  and  intersecting  lines,  ^7>ec/- 
ittg  litt€f. 
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We  shall  now  proceed  to  delineate  the  secondary 
form  of  a  right  rhombic  prism,  whose  symbol  woald 
be 


ft     ft 


iGi  M  B  E  (Bi  Hi  B'2  :  B2  Hi  B'O 
hM.ec  ^     bi 

(Bi  H3  B'2  :  B2  H3  B'l)  P 

b*  P 

Thifl,  although  a  more  complicated  figure  than  the 
receding,  may  be  produced  with  equal  accuracy,  by 
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finding  successively,  the  intersections  of  all  the  se- 
condary planes  with  each  other  and  with  the  pri- 
mary. 

Let  the  primary  forms,  No.  1  and  S,  fig.  S84,  be 
drawn  in  pencil,*  and  on  No.  2  draw  u  v  parallel  to 
the  short  diagonal  of  the  terminal  plane,  and  from 
the  points  u  and  r,  draw  u  o^  v  p,  parallel  to  the 
lateral  edges.  The  plane  h  would  evidently  be  re- 
presented by  uv  op.  Let  the  line  a  a'  be  drawn  on 
the  plane  A,  and  through  the  diagonals  qvj  sL 

The  plane  c  should  next  be  placed  on  the  second- 
ary figure,  which  plane  must  obviously  lie  between 
h  and  P.  The  law  of  decrement  from  which  we 
have  supposed  this  plane  to  result,  is  by  2  rows 
in  breadth.  If  therefore  we  produce  two  of  the  pri- 
mary terminal  edges  of  No.  1  to  c  and  c',  so  that  9  c, 
and  q  c',  shall  each  be  double  the  edge  that  is  pro- 
duced ;  and  if  we  join  c  dj  the  plane  a  c  c',  will 
represent  the  plaice  ^,  the  line  c.c'  will  touch  the 
primary  form  at  the  solid  angle  J,  and  the  line  (i  a 
will  pass  through  the  middle  of  the  plane  a  c  r'. 

We  may  call  d  a^  therefore,  the  directing  line, 
which  enables  us  to  place  the  plane  c  between  k  and 
P,  by  taking  some  point  d,  in  the  diagonal  q  r,  No.  3, 
and  drawing rf^i  parallel  to  da.  No.  1.  Through d 
and  a,  we  may  now  draw  the  lines  g  h\  i  k,  parallel 


*  when  two  or  more  figures  are  to  be  drawn  in  the  relation  to  each 
other  in  which  these  stand,  their  dimensions  should  be  similar,  and 
their  corresponding  edges  or  diagonals  should  either  be  parallel  or  ih 
the  same  line,  according  to  the  relative  positions  of  the  figures. 

In  the  above  figures,  the  corresponding  lateral  edges  are  in  the  same 
right  lines,  and  the  terminal  edges  are  respectively  parallel.  These 
( orresponding  positions  are  always  implied  when  two  ur  more  analo* 
guus  figures  are  given. 

3h2 
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iouv;  and  as  it  is  evident  that  the  line  a  d  passes 
through  the  middle  of  the  plane  gh'  i  k^  that  plane 
will  represent  the  required  plane  c.  By  draining 
lines  parallel  to  g  A',  and  i  ky  at  corret^potiding  dis- 
tances from  the  diagonals  q  r^s  ty  and  ttom  the  points 
qj  Ty  Sy  and  I,  the  figure  with  the  planeij  h  and  c  upon 
it  may  be  completed,  and  may  be  traced  depa^ately 
in  pencil  as  in  No*  3,  preparatory  tQ  the  addition  of 
the  planes  e. 

To  produce  these  planes,  having  first  drawn  k  Xy 
we  require  the  position  of  the  intersection  k  /,  of  the 
planes  e  and  e.  This  intersection  is  shewn  in  No.  t 
by  the  line  a  c ;  the  points  a  and  c  being  common  to 
the  plane  ace  e'y  which  corresponds  to  e,  and  a  cdy 
which,  as  we  have  already  seen,  represents  c. 

If,  therefore,  from  the  points.  No.  3,  we  draw  k  I 
parallel  to  a  c.  No.  1,  and  from  the  point  /'  we  draw 
ly  parallel  to  k  Xy  the  plane  k  1 1/  x  will  be  one  of 
the  required  planes  e.  The  other  planes  e  may  be 
drawn  in  a  similar  manner,  or  by  parallels,  or  by 
finding  the  relation  of  the. point  /  to  some  known 
point  of  the  crystal. 

The  planes  e  are  purposely  left  incomplete  in  the 
front  and  back  of  No.  3,  where  the  plaiies  b  are  to 
be  placed. 
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Fig.  385. 


Having  tbiu  produced  the  planes  d,  c,  and  e,.  vie 
may  add  [he  plaoes  &>,  and  b',  hy  tracing  No.  3^ 
fig.  384,, on  a  separate  paper,  as  No.  5,  fig.  383,  and 
above  it  draw  an  entire  primary  form,  as  sliewn  by 
No.  4. 

To  place  the  planes  h  •  and  <  on  the  figure,  we 
require  their  inteisiections  with  e,  P,  and  M,  and 
with  each  other. 
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The  directing  planes  b  V*^  6>,  and  b'  V  b*y  No.  4, 
represent  the  2  planes  bij  6'«^  No.  5;  andbf"  b^^ 
b'  b"  b^y  No.  4,  represent  &>,  which  are  marked  only 
by  the  number  2  in  No.  5 ;  and  n  z  V"  z'y  No.  4,  is 
evidently  parallel  to  plane  e,  No.  5. 

The  intersection  of  6  i'"  fti,  with  it  s  ft"'  %\  is  the 
line  n  V" ;  its  intersection  with  P  is  ft  ft'";  with  M,  it 
is  ft  ft>  ;  and  with  ft'  ft"  fta,  it  is  ft>  m* 

If,  therefore,  from  the  point  I,  No.  5,  we  draw  the 
line  1  6,  parallel  to  n  ft'",  No.  4;  6  5,  to  ft  ft'";  and 
13,  to  ft  ft >,  we  shall  obtain  three  of  the  edges  of 
plane  fti.  From  the  point  5,  No.  5,  draw  the  inter- 
section of  ft>  and  ft't,  parallel  torn  ft  >,  No.  4;  and  by 
drawing  on  No.  5,  3  4,  parallel  to  ft  fti,  No.  4,  and 
the  intersection  of  t  and  >',  No.  5,  parallel  to  m6», 
No.  4,  we  shall  delineate  the  planes  ft>  and  •;  ob- 
serving that  those  planes  intersect  each  other  in  a  h'ne 
parallel  to  the  intersection  of  ft  ■  and  P.  The  posi- 
tions of  ft'i  and  s  may  be  obtained  by  a  similar 
method  of  proceeding,  and  the  other  corresponding 
planes  may  be  drawn  by  a  similar  process,  or  by 
parallel  lines,  or  by  finding  the  relation  of  their 
edges,,  or  angles,  to  some  known  points  on  the 
crystal. 

We  shall  give  our  next  illustrative  example  from 
the  rhomboid.  Let  us  suppose  an  obtuse  rhomboid 
is  to  be  represented,  modified  by  planes  belonging  to 
classes  g*,  m,  o,  and  p^  and  whose  symbol  is 

iDi    2D2    iBi   6   P. 

o        p        m     g    F 
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Fig.  386. 


Let  P,  P'  P",  represent  the  primary  planes. 

The  planes  o  maybe  added,  by  merely  lengthening 
the  primary  axis,  drawing  at  its  two  extremities  the 
three  upper  and  three  lower  primary  planes  of  the 
rhomboid,  and  joining  their  angles  by  six  vertical 
lines,  which  will  then  constitute  the  vertical  edges 
of  the  plane  o. 

To  add  the  places  m,  take  any  points  c  c',  on  the 
two  adjacent  edges  of  the  rhomboid,  such  that  a  line 
passing  through  both  should  be  parallel  to  the  hori- 
zontal diagonal  of  the  plane  P";  and  from  these 
points  draw  lines  on  the  planes  P  and  P',  parallel  to 
their  common  edge. 

The  intersection  of  the  planes  m  with  each  other, 
is  parallel  to  a  line  passing  through  two  opposite 
solid  angles,  and  through  the  axis. 

Fig.  387. 


This  is  apparent  from  fig.  387,  in  which  if  the 
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directing  planes  1^  S  3  4,  and  16  5  4,  be  taken  to  re- 
present two  planes  m^  their  int^section  will  be  the 
line  1  4,  bisecting  the  axis  at  o. 

Having  drawn  the  edges  of  the  planes  m  on  the 
primary  planes  in  fig.  386,  we  may  find  their  inter- 
sections with  o  and  o\  by  taking  a'  b\  on  the  vertical 
edges  of  o,  equal  to  the  portioh  a  ft  of  the  axis,  cut 
oif  by  the  terminal  edges  of  the  planes  w,  and  join- 

iiKT:  c  6',  c'  6'. 

Fig.  388. 


A'f*  t 


Z 


Our  next  step  should  be  to  add  the  planes  j9.  As 
we  shall  have  subsequently  to  add  the  planes^,  it  is 
not  strictly  necessary  to  find  any  other  intersections 
of  the  plane  j7,  than  those  which  correspond  to//', 
fig.  388,  JS'o.  2.  But  for  the  sake  of  an  additional 
illustration,  we  shall  find  the  intersections  of /?,  with 
m^  and  their  adj£(cent  intersection  with  €ach  other. 
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If  we  recollect  that  the  planes  p  result  from  a  decre-* 
ment  by  2  rows  in  breadth,  it  will  be  apparent  that 
the  direqtiiig  phxkep  ppfpf  No,  1,  corresponds  to ji 
o{No.:»j  apd.p"  p"  y  /  of  No.  1,  top"  of  No.  2. 
Bij^t  the  ipt^rsection  of/}./7|yj^  and  p",p^^  p"/j  is  the 
directing  line//'. 

If  ttierefopre  we  take  any  point  /  in  the  yertical 
edge  of  No.  2,  and  draw//',  parallel  iaff  No.  1, 
f  No.  2  being  th^  intersection  of  the  new  edge  .with 
^n  oblique  dia^gonal,  and  if  from  the  points./ and 
f  we  draw  lines  parallel  to  the/inferior  primary 
edg^s,  we  sball  obtain  a  representation  of  the.  planes 
p  and  jp". 

The  intersection  ofp  and  m,  No.  2,  is  shewn  by  the 
directing  line  p  p,  No.  1 ;  and  that  ofp'  and  m,  No.  2, 
hy  p^  hy  No.  1 ;  and  the  intersection  ofp  and/?',  No.  2, 
is  pai^Uel  to  the  line  pfy  No.  1.* 

It  now  remains  only  to  add  the  planes  g  to -our 
figure.  For  this  purpose  we  may  trace  in  pencil,  as 
at  No.  4,  fig.  S89,  an  accurate  copy  of  No.  2,  fig.  388 ; 
and  above  it  draw  the  primary  form,  and  the  direct- 
ing planes  shewn  by  No.  3. 

We  observe  here  that  g  g"  g",  No.  3,  <iorresponds 
to  plane  g-,  No.  4.  The  intersection  of  this  plane 
with  971  is  parallel  to  the  horizontal  diagonal  of  P", 
and  its  intersections  with  P  and  P'  are  parallel  to 
g  g'y  and  g  g"j  No.  3.  Its  intersections  with  p  and 
jy,  are  parallel  to  the  directing  lines  i  I  and  i  /',  No.  3; 
the  points  /,  and  /',  being  the  only  ones  at  which  the 
edges  of  the  planes  jp,  //,  and  gy  intersect  each  other, 
and  the  point  i  being  common  to  the  three  planes. 

The  intersections  of  g  with  o  and  o'  are  the  lines 
f  At,  i  &'•    For  the  planes  o,  and  o',  might  evidently 

*  It  may  he  observed  that  there  are  three  dotted  lines  terminating  at 
kj  No.  ] ,  fig.  388 ;  one  of  these  has  /  at  its  other  extremity,  another 
has/,  and  the  reader  is  requested  to  add  p'  to  the  third. 

3i 
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intersect  the  primarj  planes  F  and  P,  parallel  to  their 
oblique  diagonals.  If  therefore  two  planes  eorres^ 
ponding  to  o  and  o'j  No.  4,  be  conceived  to  pBsk 
through  the  oblique  diagonals  of  No.  3^  and  ta  he 
produced  until  they  cut  the  edges  g  ^  and  g  g",  it 
is  obvious  that  they  would  cut  those  edges^  at  the 
points  ft  and  V^  and  the  point  i  would  then  be  common 
to  the  three  planes.  ^ 

Assuming  an j  'point  in  the  front  vertical  edge  of 
No.  4,  we  may  draw  those  lines*  of  plane  g  whitK 
intersect  o  and  </,  then  those  which  intersect  p  add 
jly  and  P  and  P'^  and  finally  the  intersection  with  m, 
to  complete  the  figure. 

Fig.  389. 


jy*t?     *. 
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In  drafring  the  aecondary  forms  of  cryaUls,  it  very 
frequently  happens  that  the  law  of  decrement  will 
suggest  Some  relation  between  the  position  of  the 
secondary  edges  or  angles,  and  some  known  points  or 
lines  of  the  primary  form,  which  will  supercede  the 
necessity  of  any  directing  diagram.  One  instance  of 
this  will  be  seen  if  we  turn  to  p.  420,  where  the 
rhombic  dodecahedron  is  derived  from  the  cube, 
through  a  previous  knowledge  of  the  relation  of  the 
two  forms  to  each  other. 

And  many  expedients  will  probably  occur  to  those 
who  are  accustomed  to  draw  crystals,  which  will 
greatly  abridge  the  laborious  processes  just  described. 
These  will,  however,  form  particular  cases,  and  will 
depend  on  the  degree  of  attention  and  ingenuity 
employed  in  framing  the  diagrams. 

The  following  figure  will  supply  another  example 
of  thd  delineation  of  a  secondary  form,  from  ascer- 
taining its  relation  to  the  primary. 

Fig.  390. 


Let  it  be  proposed  to  circumscribe  a  cube  with  a 
figure  contained  within  Si  trapezoidal  planes,  be- 
longing to  mod.  class  b  of  the  culw,  the  law  of  decre- 
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ment  being  expressed  by  "A'.  The  fig.  No.  1,  has 
the  necessary  directing  planes  drawn  upon  it,  from 
which  it  appears  that  the. lines  e  a^  e  by  e  c^  represent 
three  int.ersectionsf  of  the  secondary  planes  with  each 
other.  If  on  No.  2  we  draw  the  lineB  pp'^  q  q'^  &c, 
throjagh  the  middle  of  th^  diagonally  opposite  edges^ 
and  from  the  solid  angle  at  e^  draw  lines  parallel  to  e4| 
e  by  €  Cy  of  No.  1,  those  lines  will  be  the  edges  of  the 
new  figure,  and  they  will  cut  the  lines  p  p\  &c.  at  a 
distance  from  the  edges  of  the  cube  equal  to  ^  of  its 
diagonal*  This  will  be  apparent  if  we  suppose  the 
central  point  e  of  No.  1,  to  represent  the  solid  angle 
e  of  No.  2 ;  for  the  line  e  a  evidently  cuts  a  diagonal 
of  the  cube  at  a  distance  from  its  middle  point  equal 
to  ^  of  its  whole  length. 

The  plane  a  a'  by  No.  1^  represents  one  of  the 
secondary  planes,  through  the  middle  of  which^  if  we 
draw  the  line  a'  al'y  that  line  will  pass  through  the 
centre  of  the  cube,  and  will  consequently  bisect  its 
prismatic  axes.  A  line  drawn,  therefore,  from  the 
solid  angle  at  e,  ^g»%  through  the  produced  pris- 
matic axis^g-,  will  cut  that  axis  at  a  distance  from 
the  surface  of  the  cube  equal  to  \  the  length  of  the 
axis  itself,  and  will  pass  through  the  middle  of  the 
secondary  plane. 

Having  thus  found  the  points  at  which  the  lines 
p|/,  9  9 ',  &c.  andy^g,  Ai,  andA:/,  are  cut  by  the 
secondary  edges,  we  may  readily  complete  the  figure. 

We  shall  give  only  one  further  illustration  to  com- 
plete this  branch  of  our  subject. .  In  several  of  the 
preceding  examples,  the  directing  planes  and  lines 
have  been  drawn  on  separate,  parallel,  figures,  for 
the  purpose  qf  exhibiting  more  distinctly  the,  described 
methods  of  ^rawing.    We  may,,  however,  in. very 
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meiiy^MeB  dispense  with  the  second  figure,  and-draw 
the'  directing  planes  in  pencil,  on  the  same  figure 
w)»cb  we  purpose  ^tber  to  build  upon,  or  to  trim, 
cate.  If  there  should  be  many  planes  to  be  placed 
on  the  secondary  form,  it  will  be  Tonnd  expedient 
sOtnetimies  to  draw-  the  directing  lines  with  the  point 
of  a  needle  only,  as  the  thickness  of  even  a  fine  pen* 
cil'line  may  become  a  source  of  error. 

Fig.  391. 


Let  us  suppose  an  octahedron  with  a  square  base, 
derived  from  a  square  prism,  mod.  o,  required  to  be 
drawn,  so  as  to  envelope  the  prism  from  which  it  is 
derived ;  this  being  the  method,  as  it  has  been  already 
explained,  by  which  nature  is  supposed  to  build  up 
secondary  forms.  And  let  the  law  of  decrement  pro- 
ducing the  plane,  be  by  3  rows  in  breadth,  and  3  in 
height,  on  the  terminal  angle.     Its  symbor  would 

T 

consequently  be  A. 

First  draw  a  small  prism  of  the  proportional  dimen- 
sions of  the  prism  we  propose  to  represent;  and 
through  the  middle  of  the  lateral  planes  draw  the 
lines  k  k,  i  m,  parallel  to  the  terminal  edges,  and 
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also  draw  the  prismatic  axis,  /  /•  The  dimensioDS 
of  the  circumscribing  figure  should  be  such,  that 
its  plaaes  should  touch  the  solid  angles  of  the  cioQ^ 
tained  prism. 

The  directing  plane,  b  c  dj  evidently  represents  a 
plane  derived  from  the  modification  we  have  sop« 
posed ;  and  the  line  e  d  passes  throu|^h  the  middle  of 
the  plane.  If,  .therefore,  we  draw  gjT parallel  to  d  e, 
and  touching  the  solid  angle  of  the  prism  at  a,  we 
obtain  the  pointy  at  which  the  secondary  plane  cats 
the  prismatic  axis.  From  the  middle  of  the  axis  ato, 
take  o  /,  equal  to  of^  and  draw  /  »,  touching  another 
solid  angle  of  the  prism.  The  point  n  will  evidently 
be  on  an  edge  of  the  secondary  figure,  which  edge 
w.e  know  must  be  parallel  to  a  diagonal  of  the  ter- 
minal planes  of  the  prism.. 

Through  the  point  n^  therefore,  draw  h  i  parallel 
to  one  of  those  diagonals ;  from  the  points  h  and  s 
draw  h  m,  t  ky  and  join  &  m  to  complete  the  base  of 
the  figure.  And  the  terminal  edges  being  drawn,  the 
entire  figure  will  result,  as  shewn  by  the  dark  lines 
in  the  engraving. 


ON  MINERALOGICAL  ARRANGEMENT.  ' 


Tfi^Rfi  appears  to  be  a  degree  of  difficulty  fdt  by 
most  collectors  of  minerals,  with  regard  to  tiicar- 
rairgement  of  their  cabinets^  and  particularly  when 
new  minerals  occur,  concerning  which  little  more  is 
knot^n  than  theit  names.  ^ 

This  difficulty  arises  partly  from  the  want  of  an 
accurate  distribution  of  minerals  into  natural  specie^j 
and  partly  from  not  attending  sufficiently  to  a  dis- 
tiiiclfon,  which  has  been  hitherto  regarded  with  less 
notice  than  it  deserves,  between  this  distribution  into 
8][)ecies,  which  constitutes  the  basis  of  a  natural  das* 
station  of  the  objects  of  any  branch  of  natural 
history,  and  their  artificial  arrangement  for  some  pur* 
pose  of  iUusiraUony  of  convenience^  or  as  (Ejects  of 
i€iste ;  which  art^cial  arrangement  may  be  regarded 
lis  analagous  to  the  order  in  which  wor^  are  placed 
in  a  dictionary  for  the  convenience  of  reference. 

This  distinction  will  be  rendered  sufficiently  ap- 
parent if  we  refer  to  some  other  branches  of  natural 
history  for  its  illustration. 

The  botanist  may  perhaps  place  his  specimens  of 
dried  plants  in  his  portfolio,  according  to  some  pre* 
tsonceived  notion  of  natural  alliance;  but  when  he 
arrai^es  the  plants  themselves  in. his  garden  or  his 
conservatory,  their  natural  order  is  disregard^,  the 
natural  fiimilies  are  dispersed,  and  the  situation 
aesdigned  to  each  plant  is  determined  by  its  habitudes^ 
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its  necessities,  or  its  peculiar  character  in  reference 
to  the  pleasure  it  is  capable  of  affording  to  s<Nne  of 
the  organs  of  sense. 

Disparity  in  size  also,  among  indtriduals  belong- 
ing even  to  the  same  species  of  objects  of  natural 
history,  will  be  another  and  a  frequent  cause  of 
variance  between  their  arrangement* for  purpose^^of 
amusement  or  use,  and  their  natural  classification. 
And  examples  will  probably  occur  to  the  reader,  of 
deviation '  from  natural  class^haiian  in  ike  cabShei 
arrangement  of  mmerahy  where  that  arrangtmeni  hks 
been  intended  to  affiurd  ^ome.partieular  illustnitioB. 

The  cabinet  of  Leske,  described  by  Kirwnti)  con- 
tained several  separate  collections^  arranged  for  the 
Dlustratkni  of  distinct  otgecis*  One  among  these, 
eachibited  in  a  regular:  series  the  distihativ«  «xt^nml 
characters  of  minerals  as  taught  by  Werner ;  a^second 
contained  his  systematic  arrangement  of  most,  if-Aot 
of  all,  the  mineral  species  then  known;  and  a  third 
eixhibited  the  mineral  substances  used  in  various  arts 
and  manu&ctures,  and  was  dience  denotoiinaltvl  the 
economical  collection. 

The  collection  of  .English  minerals  in  the^Brili^h 
Museum,  is  arranged  according  to  counties,  the  sub- 
ordinate arrangement  of  the  minerals  of  each  eoanty 
being,  however,  systemiatic. 

When,  therefore,  the  question  relates  to  the  ar- 
rangement of  a  mineral  cabinet  generally,  weehoidd 
enquire  into  the  object  of  the  collector  in  fovmiag 
his  cabinet.  In  some  few  instances^  it  is  po^ible 
that  specimens  may  have  been  collected  merely'  as 
0bjects  of  taste,  and  their  selection  may 'have  :de<* 
pended  merely  oh  their  rarity,  or  on  thoi  beaulyof 
iheir  forms  or  colours.  Thearroaigrctiteitrbesl.adapted 
to  a  cabinet  of  this  description,  must  evidently '*be 
wch'  fis  would  best  exhUnl  the  forms  and  c0lours  of 
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tSe  Specimens,  and  must  be, regulated  by  their  size 
and  character,  according  to  the  taste  of  the  possessor. 

But  the  views  of  those  collectors  by  whom  the 
greater  number  of  cabinets  are  formed,  are,  probably, 
to  derive  from  their  specimens,  an  acquaintance  with 
those  general  external  characters  of  minerals,  by 
which  they  are  commonly  discriminated  froni  each 
other.  .   .    - 

I  would  recommend  to  this  class  of  collectors,  an 
Arrangement  of  their  cabinets  in  nearly  an  alphabetical 
order,  which,  as  it  will  greatly  facilitate  the  reference 
to  particular  specimens,  will  afford  them  more  ready 
means  of  comparing  different  specimens  with  each 
bther ;  and  every  new  substance  that  occurs,  to  which 
a  name  has  been  assigned,  will  also  find  an  immediate 
place  in  the  collection  under  its  proper  letter,  if  its 
precise  station  under  any  other  leading  name  has  not 
be^n  previously  determined. 

The  alphabetical  series  here-  recommended,  is  that 
which  is  distinguished  by  roman  capitals  in  the  alpha* 
betical  Kst  vfhich  follows  this  section.  ' 

In  this  list  I  have  endeavoured  to  collect  and 
arrange  all  the  mineral  species  at  present  known, 
with  such  of  their  synonyms  as  are  not  merely  trans- 
lations out  of  one  language  into  another;  and  with 
the  addition  of  such  of  the  primary  forms  of  those 
which  are  regularly  crystallised,  as  appear  to  be  accu^ 
rately  known. 

'  Most  of  these  forms  have  been  determined  from  an 
eacaairnation  of  the  substances  themselves,  and  theii* 
angles  have  been  measured,  principally  by  the  reflec- 
tive goniometer,  both  by  Mr.  W.  Phillips  and  myself, 
but  from  Mr.  Phillips'^  greater  precision  in  the  use 
of  that  instrument,  I  have  generally  relied  on  his 
measurements,  where  they  have  differed  from  my  own^ 
and  in.  several  instances,  T  have  been  indebted  to 

3  k 


443  Ar?»M9lX OK 

t^.  P.  for  the  foriDS  and  measurements  of  crystals 
which  I  had  not  myself  previously  examined. 

Following  this  alphabetical  list,  will  b^  found  a 
second  table  of  primary  forms^  arrang^ed  according  to 
their  classes. 

The  synonyms  have  been  collected  chiefly  from 
^eonhard's  Handbuch  der  Oryktognosie,  published 
in  1821,  and  corrected  from  such  other  sources  as  I 
have  had  an  opportunity  of  consulting*  The  choice 
of  a  specific  name  among  many  synonyms,  has  been  i^ 
some  degree  arbitrary,  but  I  have  generally  been, 
influenced  in  this  choice  by  the  previous  adoption  in 
this  country  of  the  name  1  have  selected.  On  refer-* 
ing  to  the  list,  the  word  Abrazite  will  be  found  at  its 
head,  with  a  reference  to  Zeagonite^  that  being  the 
name  under  which  the  mineral,  also  called  Abraziic 
and  Gismond^Hy  had  been  previously  known  here* 
For  this  reason  I  have  retained  many  of  the  old 
names,  as  Cbiastolitej  for  example,  instead  of  Maclcj 
the  name  assigned  to  the  same  mineral  by  Haiiy.  In 
many  instances,  it  will  be  perceived,  I  have  adopte4 
the  names  given  by  Haiiy,  either  bef^ause  i}if^  have 
already  become  familiar  to  the  English  mineralogist, 
^s  Peridoty  instead  of  Chrysolite^  or  because  tbej 
have  comprehended  several  of  the  older  species  unde^ 
a  single  name,  as  Amphibole^  which  includes  th^ 
Hornblende^  Tremolitey  and  Ac^nolite  of  the  W^fr 
nerian  school. 

Although  the  basis  of  the  proposed  arrangement  of 
minerals  is  alphabetic^,  it  is  to  a  certain  ?;k^j4 
founded  on  their  chemical  distinctions. 

But  a  difiiculty  presents  itself  when  we  attMspt  >a 
purely  chemical  classification  of  minenil^  vfhici^ 
arises  out  of  the  uncertainty  of  our  knowledge  reli^ 
tive  to  the  essential  constituents  of  many  speci^^  F^ 
however  accurately  thes^  may  have  been  analysed  by 
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tliekkni  of  modern  chemistry,  we  are  yet  unable  to 
determine  which  of  their  component  parts  are  essen* 
tivl  to'  the  dompositioii  of  the  sabstance  snctlysed, 
ftnd  'wliidi  are  but  adeidental  mixtilres.  In  the  In« 
stance  of  the  crystallised  sandstone  from  Fontain« 
hleaii^  na  doubt  can  be  entertained  that  either  the 
carbonate  of  lime,  or  the  grains  of  safi^  must  b^ 
regarded  ks  iaccidental  mixture,  and  fbrergn  to  the 
eonstkuttonof  the  ^des,  accordingly  as  we  chuse  to 
consider  the  specimens,  as  arenaceous  quartz  agglu* 
iimUed  by  carbonate  of  lifne^  or  as  carbonate  of  lime 
inclosing  grains  of  quartz. 

It  would,  however,  present  littler  difficulty  to  the 
chetaisty  to  determine  that  the  silex  and  lime  are  not 
chemically  combined  in  the  sandstone :  but-  there  are. 
n'umdrouer  other  instances,  in  which  even  the  sagacity 
of  a  Berzelius  has  probably  failed  in  dSscrimihating 
the  matter  accidentally  present  in  several  of  thel 
i^iedes  of  minerals  which  have  been  analysed,  frotd 
that  which  is  essential  to  the  composition  of  each 
paHicular' species. 

l^ese  doubts  are  suggested  by  the  observed  fact, 
that  the  crystalline  form  6f  the  Fontainbleau  sand- 
9toBe  is  similar  to  one  of  the  secondary  formis  of  car- 
bonate of  fime ;  and  from  remarking,  that  among  th^ 
mnerals  which  chemical  analysis  would  raise  into 
distinct  species,  there  are  several  which  appear  to 
tkgree  iu  their  crystalline  forms. 

Now  if  We  regard  the  Fontainbleau  sandstone  as  a 
▼ariety  of  carbonate  of  lime,  enveloping  grains  of 
quarts;  and  as  we  observe  theH:  the  crystalline  form 
of  tke  carbonate  of  lime  is  not  alteted  by  the  presence 
of  thiv  silkecHis  mixture,  we  may  infer  that  the  crys-^ 
taUine  character  of  minerals  is  not  affected  by  the 
aeeidental  presence  of  foreign  matter  in  their  com* 
}>&sitibn,  and  consequently  that  minerals  differing 
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widely  in  their  chemical  character,  may  really  beiofl^ 
to  one  species* 

.  These  considerations  appear  to  confirm  the  prb*> 
priety  of  the  Abb6  Hatiy's  definition  of  a  mnieral 
species,  as  given  in  p.  6.'  For  although  it  might  have 
been  sufficient,  theoretically,'  io  comprise  within  the 
terms  of  this  definition,  such  individual  minerals  ^m 
are  composed  of  Mmilur  particles  united  in  xqwd 
proportionsy  yet  in  the  present  imperfect  stale  of  omr 
knowledge  of  the  true  -constituent  elements  c^manf 
minerals,  it  appeared  practically  necessary  to  sitpei^ 
add  to  this  definition  the  condition  that,  if  they  be? 
long  to  the  same  species,  the  form  of  their  tnokculeSy 
or,  which  is  the  same  thing  in  effect,  their  primary 
forms  should  also  be  similar,  ) 

Hence  when  we  :Qnd  different  minerals  agreeing  ia 
their  crystalline  forms,  and  varying  in  their  chemical 
composition,  we  shall  probably  determine-  their  spe^ 
cies  more  accurately  from  their  crystalline  tbaa  firom 
their  chemical  characters. 

I  say  probably^  for  the  6rystallograplucal  dia* 
racter  has  its  uncertKinties  also.  The  natural  planes 
pf  crystals  are  generally  too  imperfect  to  give  mea« 
sui-ements  which  may  be  said  to  agree  very  nearly 
9vijth  each  other;  the  differences  among  such  as  belong 
to  the  same  species  of  mineral,  amounting  irequeodj 
to  nearly  a  degree;  and  the  cleaviage  planes,  winch 
generally  afford  better  corresponding  results,  cannot 
aljvays  be  obtained;  but  if  they  coold,  the  angles 
of  mutual  inclination  even  of  those,  are  not  always 
iQilce,  owing  probably  to  i^n  interposition  of  foreign 
matter  between  the  laminae  of  the  crystal,  and  being 
there  unequally  dispersed.  Nor  do  we  know  that 
the  difference  of  the  angles  under  wbith  the  primary 
planes  of  different  species  <^  minerals  meet,  is  not 
less  thap  ppr  best  goniometers  can  distinguish*   U 
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(demndg  great  precisida  of  handmnd  leye  46  ofatem 
?the  t^iie  measareaaaents  of  angles  to  a  minule.  ooly^ 
and  '(we  canaot  say  tbat  a  differraoa  of  species  nm^ 
not  exists  with  a  difference  of  only  a  fern  ^seconds 
in  vihe  angke  of  inclination  of  their  planes* 
'  'We  Jtnow  that  the  ^^reater  ans^e  of  a  right  r]bombie 
prism Imust  lie  somawhero  between  90 "^  and  180%  If 
the  angle  were  90%  the  prism  wonld  be  ;8qvare^  and 
ISC  would  reduce  the  prism  io.  a  jdane.  But  be* 
tween  90*  and  180%  we  Jio  aiot  know  how  many 
different  prisms  may  exist. 

If  they  differed  by  degrees  only,  their  number 
could  not  exceed  89.  If  the  difference  consbted  of 
-mintites,  there  might  be  5399  such  prisms,  ^»11  di»* 
tinguishable  by  the  goniometer;  but  if  the  differences 
consisted  of  seconds  «nly,  there  might  •evidently  be 
393909  rhombic  prisms,  of  which  no  more  than  5399 
could  be  distinguished  by  the  ordinaiy  gonioraetrLe 
instruments. 

But  with  all  the  uncertainties. and  difficulties  at- 
tendant upon  the  crystallographical  determination  of 
a  mineral  species,  the  goniometer  is  probably  the 
most  accurate  guide  we  at  present  possess  to  lead  ns 
to  that  determination.  And  it  is  almost  the  only  one 
of  whic^  the  practical  mineralogist  ^:an  lU  all  times 
avail  himself. 

'  >  It  appears  almost  unnecessary  to  state,  that  where 
a  mineral  is  defective  in  crystalline  character,  or  its 
chemical  composition  is  unknown,  it  must  be  pro* 
visionally  distinguidied  from  other  minerals  by  some 
other  of  its  physical  characters,  as  its  specific  gravity, 
hardness,  fracture,  &c. 

Instances  have  been  already  alluded  to  where 
chemistry  would  separate  minerals  from  each  oitl^er, 
which,  crystallographically,  belong  to  the  samo 
«pecies ;  of  which  the  Amphiboles,  and  the  Pyrox^ 


raoB^  mWbvi  eibniiii0t»r  But  Aero  ate  a  tew  emaiB 
pim^  m  mhUh^jmnenh  diSltrmg  in  their  crystdKne 
tmmy  mve  niiiilar  »  llietr  ebeedcal  conpoiitioii ;  as 
effwvn  to  be^tbe  case  frith  the  eonmen^  and  whiie^ 
iron  pyriteg*  These  aDenialieB.wiU  hovrevor^  probably^ 
lie  recopbited  by  the  futare  iHTestigatibtis  of  doieiN^e, 

I  Dr.  Breiraleit  has^  witli  that  attadbmetit  whieh  we 
Msally  enfinoe  towards  a  fa?orit6'  parsuit,  givea.  a 
fmfefeace  to  the  optical  ohaviKcteiB  of  ailnenildf*  as 
the  mi«stIineai»iof  detetminrng  thiair  qiecies:  Bern  a 
memoir  by  Dr.  Brewster,  ia  the  Edinb.  Phi).  Jouriak 
Tti.  7.  p»  12. 

>  Thisi  memoir  relates  to  a  diffeiteiice  in  the  optical 
eharaajirsof  the  Apopfayllitcs  ffom  different  lecali*- 
ties,  apoB  which  Dn  Brewst^  proposes  to  ereoet  a 
partieular  vanety  inte^  a  new  species  wider  the  iiame 
of  Tesselite.  Beraelias,  as  it  appearii  from  a  ftttper, 
prscedim*  that  by  Dr.  Brewster;  in.  the  same  irolome 
of  the  Journal,  has,  at  Dr.  Brewster's  .desire^  aaa^ 
IpeA  the  Tesselite,  add  finmd  it  tfgn^ng  peffe<dy 
ID  its  chemical  composition  with  the  ApophyUi  lee  frem 
other  places.  Chemically,  tbccefiMe^  tibe  Tesselits 
does  not  appear  a  distinct  species. 

Aiew  day6  before  Dn  Brewster's  paper  wa»fNib* 
liihed,.  it  happened  that  I  had  been  measuring^  the 
angles  of  the  Apophyllites  from  most  of  the' localities 
in- which  diey^  otear,  all  of  which  I  found  to  agree 
with  each  other  m«ee  tiearly  thaa  differedt  miae rab 
of  the.  same  speciee  firequeatlydo.  The  TedselHe 
is  not  therefore,  crystallographicaUy,  a  asperate 
species.*    Bat  wbffli  chemistry  stad  evystaUogn^y 

*  I  have  found  several  crystals  of  this  substance  correspondiDg  in  a 
remarkable  rnahner  iri  tKeir  general  form  of  flattened  four-sided  pYhms, 
termtnitted  by  foifir^ided  pyramfds  with  eryaeafcd^  mmrmpB^  ttH  «Ai 
tktirarriipe^ngpiana  ^iumilaK*  Tht  piane»  illnch  appear  as  tke 
sttiMuiu  of  some  of  these  prism;,  bemg  only  the  lat^ai  (daiits  of  vtrM 
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opQOur^  pei^cUy  as  t^ey  4o  in. this-  ij»ta«cf <»  i» 
deterinitiiDg^  ike  sp«cie«  to  which  a  luia^ral  teloAgflv 
it  ijfUI  be  difiicuU  t9  itdoiit  a  .variatioD  of  optical 
character,  B^  a  ^ufficieot  ground  to  alter  that  dat^^s 
npnatioa.. 

,  A  jKuragrapb  published  hy  Pr,  Brewster  in<tb^  6^ 
volume  of  the  samo  Jouroal,  p.  1^^  relative  to  the. 
cr}$taUine  £i>rm  of  the  sulphatoytrimcarbowUc  oC  lead^ 
furpishe^  aa  additioupil  rootiYe  to  belieye  that  thfs^ 
qo^nection  between  the  optical  cbaraqters  of  mineials^ 
aod  their  ciystalline  forms,  is  not  yet  sufficiently, 
ynderstood. 

.  Dn  Brewster  admits  what  I  believe  is  not  liable  tx^ 
qiiestioD,  that  "  the  crystals  of  ihU  suistffnc^  ure 
^\amte  rhomboids.^'  But  be  adds^  '^  Vv^  ^^°^inins 
f ^  their  optical  structure^  I  ^nd  that  they  b»ve  two^ 
^^  axes  of  double  refraction, 'the  principal  «in^  q^ 
^'.  which  is^  coincident  with  the  ax^  of  the,  i^onib. 
\'  The  sulphato-tri-oarbonate,  therefo^e^  cofinQtt/i^m 
^'  thf  ofiute  rh^mbpid  f(irU$  primitives  fQrm^  iutm^ 
*^  belpifg  to  tbtpri^maUc  Si3fH^mafMQb$J^^  .  ..  ; 

JPut.  it  appears  ^om  the  '^  Oi|t}ipe  of  JPrpfessor 
Moh^'s  new  systoDi  of.  Crystallpf  r^phy^"  puhlisbofl; 
in  voL  3  of  the.  saj9^  Jpuroftl,  that  a  rhoniboidxa^nqti 
h^ng  io  hf»  prismaiiQ  ^^siem<  ^or  it  ia  stated  ia. 
p*  173,  that "  The  rhomboid^  andthefiur^sidedofiliis^^^ 

^'  bmedp^rami^'^  (the-fundam^tal  fonp^^^f  the  pi»s«* 
mj^tio  siyi^toip}  "  are  forms,  whi^hwrniot  bt/  ang  meamf 
«  b^  derived /ram  each  otksri  tbfi  Owq)  g^Hp^^ 

...  .       .    '  ''»■'» 

thort  and  othtrvjh^  4i*^9p^Ktioptd  crystfih  ;  so  th^t  a  line  |^U9!ng  through 
tiicjie,  in  the  direction  of  fheir  greatest  leng^h^  wouhf  fai  fact  be  per^ 
yffriiririario  the  a»a  of  the  pniaaiy  ftiiin*  Sactfont  perp^ndictilar  to 
tlie  as;e8  of  thesf  a^^pju-ef^y  similar  jM^ymfK  MfAnIll  cfrtainfcjr  prmao 
very  di^erent  optical  ghe*.on>eiv|.  But  il;  is  npt.  probable  that  the  ^c^ 
tised  eye  of  Dr.  Brewster  should  have  been  ^lisled  by  their  apparem; 
nmHarity,  and  the  differtnces  he*  has  observed  will  still  remain  to  be 
explained. 
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'^'^  simple  JbrmSf  as  well  as-  their  eombinMlom^ 'fmtsf 
^  each  be  always  distinct  from  the  (other J.^*   -  -        *■ 

If  therefore  in  tlie  bands  of  Dr.  Brewster,  tie  nse* 
Ofoptical  characters  cannot  at  present  be  relied  apbn 
for  the  determination  of  a  mineral  species,  it  may  be 
doubted  whether  they  Can  be  saccessfnlly  eniptoyed 
by  less  accurate  and  less  intelligent  observers. 
'  The  proposed  arrangement  in  the  foUowing^K^Aa- 
bcticai  listy  is,  as  it  has  been  already  observed,  to  a' 
certain  extent,  chemical;  several  species,  to  ivhich 
separate  specific  names  have*  been  given,  being  ar- 
ranged frequently  under  one  head  or  genus,  in*  the 
ILlphabet.  And  there  are,  probably,  many  otiter 
species  which  now  stand  singly  in  their  alphabetical' 
order,  which  in*  the  opinion  of  some  of  my  readers 
might,  with  equal  propriety,  be  collected  into  other 
chemical  groups; 

'  This  .collection  of  species  into  groups  or  genera^ 
has  not  been  regulated  by  any  very  predse  rule. 
The- leading  principles,  however,  upon  which  they 
have  been  formed,  are  either  the  simplidty  of  com- 
position of  the  species  of  which  they  consist,  or-the 
apparent  certainty  with  which  that  composition  has 
been  determined;  some  few  species  may,  however, 
be  considered  as  rather  arbitrarily  included  under 
particular  genera. 

'  In  most  of  the  genera,  the  first  and  second  of  tiiese 
principles  are  apparent;  an  example  of  the  third  may 
be  seen  under  the  head  of  Cerium,  wh^e  the  Yttro- 
cerite  is  placed,  although  it  contains  a  greater  pro- 
portion of  Yttria  than  it  does  of  the  oxide  of  Qeriu^. 
,  The  species  which,  are  left  m  Iheir.  alphabetwal 
order,  are  generally  those  which  are*  denominated 
earthy  minerals,  and  are  composed  of  Alumine,  Lime, 
Magnesia^  Silex^  &c^  i^  various  p^oportioj[iS|  which 
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me  prohmkAj  not  ji9  definite  as  tfaej  havft  been  $oiAe- 
times  considerisd. 

,  The  proposed  ulpluAeiieal  arrangement  will  appear 
to  deviate  the  less  from  nuiural  classification^  if  wd 
recollect  that  there  in  not  any  ^ne  strictly  exclusive 
naktral  order  to  supercede  this  arrai^getnent,  and  re- 
quiring that  Zircon  should  be  placed  before  or  after 
the  siliceous  genus ;  or  that  Lead  should  precede,  or 
follow,  Iron  or  Copper.  There  may  be  conceived 
to  be  as  many  natural  classifications  of  minerals,  as 
there  are  natural  properties  common  to  the  sub- 
stances which  are  to  be  arranged.  Thus,  the  metals 
(not  including  the  bases  of  the  alkalies  and  earths) 
might  be  arranged  actording  to  their  fusibility,  or 
their  specific  gravity,  or  their  ductility,  &c.  Either 
of  these  characters  might  be  adopted  as  the  basis  of 
a  natural  classification^  and  the  order  of  the  substances 
thus  classed,  would  vary  according  to  the  generic 
character  we  might  adopt. 

The  primary  forms  of  most  of  the  crystallised 
minerals  contained  in  the  following  alphabetical  list, 
are  indicated  in  italics.  The  measurements  there 
given,  are  the  most  accurate  I  have  been  able  to 
obtain ;  but  although  they  have  been  taken  with  much 
care,  and  probably  do  not  vary  much  from  the  truth, 
they  are  to  be  regarded  in  strictness  only  as  approxi- 
mations to  the  true  angles  at  which  the  planes  of  the 
crystals  incline  to  each  other. 

I  have  added  where  I  could,  to  the  square,  rectan- 
gular, and  hexagonal  prisms,  the  measurement  of  a 
primary  plane  on  some  modifying  plane,  which  ire- 
qvently  occurs  on  the  crystals;  and  the  class  of 
modifications  to  which  the  modifying  plane  belongs, 
is  indicated  by  its  appropriate  letter. 
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APPEKDIX,  fte* 


-  it  does  not  fkll  ivtthin  the  scope  of  my  plan  to  give 
more  than  a  mere  Hst  of  minerals  and  of  their primmjf 
forms.  Descriptions  of  the  minerdh  tbemseWes,  and 
figures*  of  their  secondary  forms,  as  they  occur  in 
nature^  will  fc^rm  Che  substance  of  a  volume  on 
Mineralogy  by  Mr.  W.  Phillips^  which  is  mow  in  the 
press. 


;.  .■> 


J  * 


AN  ALPHABETICAL  ARRANGEMENT 

OF 

MINERALS, 

WITH  THEIR 

8YN0NYMES  AND  PRIMARY  FORMS. 


Abrazit,  see  Zeagonitd. 

Achirite,  see  Copper,  carbonate,  siliceous. 

Actinolite^  see  Amphibole. 

Actinote,  see  Ainphib<4e. 

Adamantine  spar,  see  Corandttm; 

Adalaria,  see  Felspar,  ciyslalli^ed^  : 

Aehrenstein,  see  Barytes,  sulphate* 

Aequinolite,  see  Spherulite. 

Aerolite,  see  Iron,  native,  mcrteDric. 

Aerosite,  see  Silver,  sulphuret^  antimooial. 

Agalmatolite;  Bildstein ;  Figurei^stone ;  Koreite^  L»rdite; 

Pagodite. 
A^phite,  see  Alomibe,  fa jdrate,  oomfMiet^ 
'AgaHc  mineral,  see  Lime,  carbonate^  spongy. 
Agat^^  dee  Quartz. 

Agustite,  see'  Ememld,  tar.  Beryll.      ^ 
Akanticone,  see  Epidote. 
Alabaster,  see  Lime,  sulphate. 
Alalite,  see  Pypoien^. 
'  Aibin,  see  Apophyllite. 
Albite,  see  Cleavelandite. 
Allagite,  see  Manganese,  carbonate,  siliceous. 
Alianite,  see  Cerium,  oxide,  ferriferous. 
Allochroite,  see  Garnet. 
Allophane,  see  Alumine,  silicate. 
Almandine,  see  Garnet. 
Alum,  see  Alumine,  sulphate. 
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Alumine. 
hjdrate. 

crystallised ;  Diaspore.     A  doubly  oblique  prism^ 
P  on  M,  108*  30' ;  P  on  T,  lOr  20' ;  M  on  T, 
65%  as  measured  and  described  by  W.  P. 
stalactitic;  Gibbsite* 

compact  I  Agaphite ;  Galaite ;  Johntte ;  Tarqaoise. 
earthy, 
phosphate. 

crystallised;  Devonite;  Hydrargtllite ;  Lasiooite; 
Wa?ellite.-    A  right  rhombic  prismy  M  odM', 
about  122*  15^ 
silicate;  AUophane.     Cleavage  parallel  to  the  planes 

of  a  square  or  rectangular  prism » 
sub-sulphate ;  Aiuminite  ;  Hallite ;  W^blterite* 
sulphate  of 9  and  potash;  Alum, 
crystallised. 

fibrous.     A  regular  octahedron, 
sulphate  of  Alumine  and  Potash  ;  Alum, 
crystallised, 
fibrous.    A  regular  octahedron, 

,  siliceous.  Alum*stone. 

crystallised.  An  obtuse  rhomboid^  P  on  P',  W  50', 

as  measured  by  W.  P. 
amorphous. 
Aluininite,  see  Alumine,  sub-sulphate. 
Amalgam,  see  Mercury,  argentiferous.  •         x 
Amausite,  s^e  Felspar,  compact. 
Amazon-stone,  see  Felspar,  green. 
Amber;  Bernstein;  Karase;  Succin. 
Ambltgonite.    Cleavage  paraHel  to  the  lateral  planes  of  a 
prism  of   about  lOfi*"  4d',    with  indistinct  tracses  of 
cleavage  oblique  to  the  axis  of  the  prism.     I  am  in- 
debted to  Mr.  Heulahd  for  the  loiiBn  of  the  specimen  I 
have  measured.  • 

Amethyst,  see  Quartz. 
Amianthinite,  see  Amphibole,  Amianthoide. 
Amianthoide,  see  Amphibole. 
Amianthus,  see  Asbestus. 
Ammonia. 

muriate ;  Sal  ammoniac. 

ciystallised.    A  regular  oetefttfdroii* 
stalactitic. 
earthy, 
sulphate ;  Mascagnin. 
stalactitic. 
earthy. 
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Ampuibole.   • 

crystallised.  .Jn  oblique  rhombic  prismy  P  on  M  or  M', 

103*  15';  M  on  M',  124"  SCy. 
fibrous, 
amorphous. 

The  following  varieties  appear,  from  the  measure* 
ment  of  their  angles,  to  belong  to  this  species* 
Common  Hornblende,   colour  dark  green  or  greenish 
black;  Keraphyllite.;  Keratophyllite. 
.  Carinthin,  id  colourless,  yellowish,  add  greenish  crys- 
tals.   

'   Basaltic  Hornblende,       , 
The  foliated' Augite  of  Werner.    • 
The  blue  Hyperstene  of  Giesecke. 
The  green  Diallage  ojf  Haviy ;  Smaragdiie ;  Lotalite. 
Pargasite,  in  short  green  crystals. 
Actynolite;   Actinote;  Strahlite;   the  crystals  green, 

slender,  and  sometimes  mdiating. 
Tremolite ;  ^rammatite ;    the    crystals    colourless  or 
green,  or  pink,  or  bfownish  and  generally  imbedded 
in  Dolomite ;  frequently  fibrous ;  and  sometimes  ra- 
'     dfated.    ' 

A  transparent  and  colourless  Tariety  occurs  with 
the  white  Pyroxene  at  New  York.  - 

Seversil  specimens  sent  me  as  whtie  pyroxene  were 
all  amphihole  except  one,  which  contained  two  or 
three  imbedded  crystals  of  pyroxene. 
Amianthoide  ;    Amianfhinite  ;  Asbestinite  ;   Byssolite  ; 
two  separate  fibres  of  this  substance  have  afforded 
the  measurement  of  VIA"  30.' 
Amphigene,  see  Leucite. 
Analgime  ;  Cubicite.     A  cube, 
the  crystals  red  ;  Sarcolite. 
Anatase,  see  Titanium,  oxide. 
Andalusite;    Micaphyllite ;  Stanzaite.     A  right  rhombic 

.    prism^  M  on  M',  91**  .20' j  as  measured  by  W.  P.       ' 
'Andreasbergolite,  see  Harmotome. 
Anhydrite,  see  Lime,  sulphate,  anhydrous. 
Anthophtllite.    Cleavage  parallel  to  the  lateral  planes  of 
a  rhombic  prism  of  125%  and  to  both  its  diagonals;  aiid 
another  cleavage .  apparently  perpendicular  to  the  axis 
of.  the  prism.     The  bright  plane  which  is  generally 
visible  in.  the  speciinens,  is  parallel   to  the    greater 
diagonal  of  the  prism. 
Anthracite,  see  Coal. 
Anthracolite,  see  Coal. 
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Anthraconite)  see  Lime,  carboaate,  columoar. 

^DTMfONTv 

native.  Cleavage  parallel  to  the  planes  of  an  ohiuK 
rhomboid  \  P  on  P',  about  117%  but  the  measore- 
ment  of  different  fragments  does  not  agree  witfaia 
more  than  2  degrees,  owing  to  the  dulness  of  the 
planes,  and  apparently  to  their  being  more  or  less 
carved.  The  rhombic  planes  ar£  striated  hori- 
zontally, and  the  bright  planes,  which  are<gene- 
rally  conspicuous  in  the  specimens  of  this  sabstance, 
'  .   are  perpendicular  to  the  axis  of  the  rhomboid. 

arseniferous* 

oxide ;  White  antimony. 

crystallised.    A  right  rhombic  prism ;  M  on  M', 
137'';  the  broad  bright  planes  of  the  crystals 
being  parallel  to  the  short  diagonal  of  the 
prism, 
.fibrous,  radiatii^. 
earthy. 
,.•••..,  sulphuretted;  Red  antimony. 

crystallised ;  probably  a  right  square  prism ;  Mr. 
Phillips  having  found  one  of  the. thin  fibrous 
crystals  measure  on  the  lateral  planes  90%  and 
13$% 
fibrous. 

earthy ;  Tinder  ore.     (Leonbard.) 
splphuret ;  Grey  antimony. 

crystallised.  A  right  rhombic  prism  j  M  on  M%  very 
neaiiy  90*^.     Its  secondary  planes  shew  that 
the  prism  belongs  to  the  rhombic  class  and  is 
not  square, 
fibrous, 
compact. 
Apatite,  see  Lime,  phosphate. 
Aphrite,  see  Lime  carbonate,  nacreous. 
Aphrizite,  see  Tourmaline. 
ApLoifB..  A  cube* 

Apophtllite  ;   Albin ;    Fish«eye«stone  ;    Icthyopthalmite. 
A  right  square  prism  ;  M  on  a  plane  belonging  to  mod* 
class  Of  128**  10'.    . 
Aqnainarine^  ^ee:  Emerald^  yar.  Beryll. 
Arendaltte,  see  Epldote. 

Ar^ WEDsoNiTE ;  Ferriferous  hornblende;  see  Annals  of 
Philosophy  for  May  1823.  Cleavage  parallel  to  the 
lateral  planes  and  to  both  the  diagonals  of  a  rhombic 
prism  of  123°  55'. 
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ArgentiDe,  see  Lime^  carbonate,  na^reoiis. 

Arkticite,  see  Scf^Mvlile.'   ' 

Anneiike)  is  said  to  be  «ither  Quartz  or  CarbcM^ate  of  lime 

eolewred  by  blae  Carbonate  of  copper.       * 
AvrafODfte)  see  Linie,  carbonate. 
Arsenic. 
native. 

oxide.    A  regular  octahedron. 
sniphuret. 

red;  Realgar. 

crystallised.      An   obMque    rhombic  prifm; 
P  on  M  or  M%  104'  6' ;  M  on  M',  74"  14'. 
amorphous 
yellow ;  Orpiment. 

crystallised.^  ri^grA^  rAofli£^o/ir^m ;  M  on  M', 
100*^.     Form  determinedl  and  measured 
by  W.  P. 
foliated. 
Asbestinite,  see  Amphibole. 
Asbestoide,  see  Amphibole. 

ASBBSTUS. 

oommoo,  the  fibres  parallel, 

«••«....  lying  in  many  directions,  and  as  it 
were  matted  together,  fornting 
moiitttatn  paj)er 

leather 

cork      • 

wood. 

flexible;  Amimitilins. 
Asparagus-stone,  see  IJme,.  phosphate. 
Asphaltum,  see  Bitumen. 
Astrapyalite,  see  Quartz,.  saod-tttfaieS. 
Atacamite,  see  Copper,  muriate. 
Atlaserz,  see  Copper,  carboMCte,  green. 
Atramentstein,  see  Iron,  sulphate,  decomposed. 
Augite,  see  Pyroxene. 
Augmtite,  see  Lime,  phosphate. 
^AntomolHe,  tee  Zine,  oxide,  alaminous. 
Avtetario^,  se^  Qaartz,  onsorphouS* 
Axe-stone,  see  Jade. 

AxiNiTE ;  Thumerstone  ;  Thnibi4« ;  V^nolite.  This  sub- 
stance does  not  readily  yield  to  o)6avaige,  so  as  t0  afford 
a.determination  of  its  primary  form  from  cfeavage  planes. 
The  primary  form  best  agreeing  With  ihos*  secondary 
forms  under  which  it  generally  occurs^ »  adikiki^  oblique 
prismy  P  on  M,  134*'  40' ;  P  on  T,  US*  17'  j  M  ote  f , 
i35«  10',  as  measured  by  W.  P. 
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Azabache,  see  Co^l,  J«fc.  ^  .  * 

AzuRiT£ ;  Klapro(hite  ;  Tyrol ite ;  VonuiHte. 

crystallised.       A    right  rhdmhic   prism;    M  on  M', 
i  A"  30!.     I  am  indebted  to  the  kindness  of  Mr. 
Heiiland  for  the  very  rare  specimen   which  has 
enabled  me  to  determine  this  form, 
compact. 

B 
Baikalite,  see  Pyroxene. 
Baldogee,  see  Green-earth. 
Bardiglione,  see  Lime^  sulphate,  anhydrous. 
Barytes. 

carbonate  ;  Barolite ;  Witherite. 

crystallised.  A  right  rhambir.  prism ^  M  on  M', 
118**  30%  as  measured  by  Mr.  W.  Phillips. 
The  ordinary  hexagonal  crystals  probably 
result  from  the  intersection'  of  thre^  of  the 
primary  crystals. . 
fibrous, 
sulphate;  Baroselenite. 

crystallised.    A  right  rhombic  prism^   M  on  M', 

lOlMa'.   .         .         

columnar. 

radiated  ;  Uolognian  spar  ;  Litheosphore, 

granular.  

compact ;  Cawk* 

acicular,  diverging,  .and   imbedded  in  some 
other  substance ; .  Aehreastein. 
earthy, 
hepatic* 
sulphate  of  Barytes  and  Strontian. 
Basanite,  see  Quartz. 

Baudisserite,  see  Magnesia,  carbonate,  siliceous, 
Beilstein,  see  Jade.  . 

Bell-metal  ore,  see  Tin,  sulphuret  of  .Copper  and  Tin. 
Bergmanite  ;  Spreiistein.   No  crystalline  form  di&jcovenible, 
nor  any  analysis,  that  I  can  find  published. .  Is  refetied 
by  Leon  hard  to  Scapolite,  but  on  what  authority  d«es 
not  appear. 
J3ERGMEBL,  .Mountain  meal. 
Biernstein,  see  Amber. 
Beryll,  see  £merald. 

Berzelite,  see  Petalite.  , 

Bildstein,  see  Agalmatolite. 
Bimstein,  see  Pumice. 
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Bismuth. 

carbonate. 

natire. 
I       oxide. 

8Qlphof«et. 
cupriferous. 

plumbo-cuprifereus ;  Needle-ore. 

•  • plumbo-argentiferojaS  ;  BismothiG  silver. 

Bitter-spar,  see  Lime,  carbonate,  magnesian. 
Bitumen. 

liquid;  Naphtha. 

viscid;  Petrolenln. 

solid,  elastic ;  Elaterite. 
compact;  Asphaltum. 
earthy;  Maltha. 

Dapeche,  brought  bj  Humboldt  from  South  America, 
and  probably  does  not  b^ong  to  the  mineral  king- 
dom. 

Fossil  copal ;  Htgbgate  resin. 

Retinasphaltum. 
Blattererz,  see  Tellurium,  native,  plumbo-auriferous. 
Bleintere,  see  L^d  arseniate. 
Bleischweif,  see  Lead,  sulphuret,  compact. 
Blende,  see  Zinc,  sulphuret. 
Biizsinter,  see  Quartz,  sasd-tubes. 
Bloedity  see  Magnesia,  sulphate  of  and  Soda. 
Bloodstone,  see  Quartz,  calcedony. 
Bohnerz,  see  Iron,  oxide,  hydrous. 
Bole  ;  Lemnian  earth ;  Terra  de  Sietia ;  Terra  sigillata.. 
Bolide,  see  Iron,  native  meteoric. 
Bolognian  spar,  see  Barytes,  sulphate. 
BoRAcicAcin;  Sassolin. 
Boracite,  see  Magnesia,  borate. 
Borax,  see  Soda,  borate, 
l^orech,  see  Soda,  carbonate. 
Botryolite,  see  Lime,  borate,  siliceous. 
.BoorDonite,  see  Lead,  triple  sulphuret^. 

BUBISLAKITE. 

Brswsterite.  a  right  oblique-angled  prism  j  M  on  Tj  about 

Brongoiartin,  see  Soda,  sulphate  of  Soda  and  Lime. 

Bronzit^;  fibrous  Diallage  metalloide.  Cleavage  parallel 
to  the  planes  and  to  both  the  diagonals  of  a  rhombic 
prism^  of  about  93!"  30',  with  indications  jof .  another 
cleavage  perpendicular  to  the  axis  of  the  prism.  Set 
liypersttiene* 
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Brown  spar;  see  Iron,  carbonate.     And  sec  Pearl-spAK 
Brucite,  see  Condrodite.                                                 ^ 
Brunon,  see  Titanium,  oxide,  siliceo-calcareous.  •  '  *    • 
Bucholzite;  two  different  substances  appear  to- ha^  bifceA 
included  under  this  name,  viz.  a  mineral  f^tVMdthe  Tyrol, 
called  Fibrous  Quartz  by  Werner,  and  a  6brous  sub- 
stance frequently  found  accompanying  Andalnzite. 
ByssoHte,  see  Amphibole.  

C  •   ^   .  ' 

Cacholong,  see  Quartz,  opal. 
Cadmium,  a  metal  found  in  combination  with  Zinc  inseTe* 

ral  of  its  ores. 
Calaite,  see  Alumine,  hydrate. 
Calamine,  see  Zinc,  carbonate. 

oxide, 
siltcfte. 

Each  of  these  species  having  passed  under  th«  common 

appellation  of  Calamine. 
Calcedony,  see  Quartz. 
Cantalite,  see  Quartz,  yellowish-green. 
Carbonic  Acid. 
Carinthin;  see  Amphibole. 
Carnelian,  see  Quartz,  calcedony. 
Cascalhao,  clay  indurated  by  Iron  and  Quartz,  and  fr^fuentiy 

inclosing  grains  of  Quartz,  found  in  rolled  fragm^its  at 

the  diamond  mines  in  Brazil. 
Catseye,  see  Quartz. 
Cawk,  ;see  Barytes,  sulphate,  compact. 
Celestine,  see  Strontian,  sulphate. 
Cerauniansinter,  see  Quartz,  sand-tubes. 
Ceraunite,  see  Jade,  nephrite. 

CcaEOLITE. 

Cerin,  see  Cerium. 
Cerite,  see  Cerium. 
Ckrium. 
fluate. 
sub-fluate. 

fluate  of  Yttria  and  Cerium. 

fluate  of  Yttria  Cerium  and  Lime ;  Yttro-cerite.    Clea- 
yage  parallel  to  the  planes  of  a  right  rhombic  prism 
of  about  97%  by  the  common  goniometer; 
oxide,  siliceous,  red  ;  Cerite  ;  Ochrolte. 
.....  ferro  siliceous,  blac^k ;  Cerin ;  Allanite.    Arighi 
square  prisma  as  determined  by  iW.'  P. 
Chabasie.    An  obtuse  rhomboid^  P  pn  P%  ^*^46?. 


/ 

Chalcolite,  see  VTf^^mm^  (>iH»8pbajt€s 

Chalcosiderite,  see  Iron,  green  eartb,  fibrbua. 

Charcoal,  mineral,  see  Coal. 

Chelmsfordite,  possesses  the  external  characters  of  Scapqfjte^ 

^    tip^  firyrtaUw*«H,ifi. square  pfisiB^.  •  See  Scapoljte. 
Chiastolite;  Crucite;  Made.    Proh^hl  j  a  righl^  square  or 

recta^gultur  prism* 
<;hli^ite,.  see  T^lc. 
Chlorophane,  see  Lime,  &iiaie» 
Ohlorophjeite,  described  by  Dr.  Mac  Cul),och^ 
Chondrodite,  see  Condrodite. 
CaaoME,  oxide. 
Chbysoberil;  Cymophane.  Aright  rhombic  prism  j'ManM'y 

97*  12'.     The  plane  P  is  generally  bright  and  striated. 
Chrysocolla,  see  Copper,  carbonate,  siliceous. 
Chrysolite,  see  Peridot. 
Chrysoprase,  see  Quartz,  calcedony. 
Chusite,  see  Peridot,  granqlar,  decomposing.  . 

CiMOLITE. 

Cinnabar,  see  Mercury,  sulphuret. 

Cinnamon-stone;  Essonite ;  Hyacinth;  Romanzovite* 
crystallised.  A  rhombic  dodecahetfror^.  The  clea^vf^e 
pbtnes  afford  measurements  of  about  90^  in  onp 
direction j  ai|d  about  120*  in  on^  oir  two  ptjtiejrs. 

Cleayelandite  ;  Albite;  Siliceoua.  spar  froiqi)  Qh^sterneld 
in  Massachusetts.  See. Annals  of  Philosophy  for  M^jr 
1823. 

*       —  -  ' 

crystallised.  Cleavage  parallel  to  the  planes  of  a  dovbljf 
oblique  prism^  P  on  M,  119*  30' ;  P  on  t»  115"; 

M;  oa  T,  93*  :^o'. 
laminar* 
Coal. 

carbon  nearly  pare ;  Anthracite;  Ai^tbracoUte;  Gean* 
trace, 
coippact. 
columnar, 
slaty, 
bitaminoas.  .  >, 

comfnu^t;  Ct^m^l  coal*.  , 

/  ,  w         colnipiMir.. 

foliated:  Common  coal.       <  < 
friable  ;  Mineral  charcoi^l. 
lignifoiiBi,     y^jood  coal- 
compact;  A^al^ache;  Jet. 
fibrous;  fioveycoal;  Surturbrand. 
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foliated;  Dyscklile;  Paper  coal, 
earthy, 
peat. 
Cobalt. 

arseniate.  A  right  obUque^ngled prism.  MonT,  124*. 
arsenical. 

grey.  A  cube  with  regular  modifications, 
white.  A  cube  with  irregular  modifications  similar 
to  those  of  Iron  pyrites, 
oxide,  Mack.   - 

ferriferous,  brown. 

yellow.  ' 

sulphate. 

stalactitic. 
sulphuret. 

botryoidal. 
amorphous. 
Coccolite,  see  Pyroxene,  granular. 
Cockle,  of  the  Cornish  miners,  see  Tourmaline. 
CoLLYRiTE,  or  Kollyrite.  - 

Colophonite,  see  Garnet. 
'Columbite,  see  Tantaltte. 
CoifPTOifiTE.    A  right  rectangufar  prism.    M  on  a  plane 

belonging  to  mod.  cla^^s  dj  1S5'  SO^. 
CoNDRODiTE,  or  Choudrodite.  No  crystalline  form  dtsoover- 

able  in  any  specimen  I  have  seen. 
Conite,  see  Lime,  carbonate,  magnesian. 
Copal,  fossil ;  Highgate  resin,  see  Bitumen. 
Copper. 

arseniate. 

octahedral ;  Linsenerz.  An  obtuse  octahedron  wUh 
a  rectangular  base  \  PonP',7%'32;  MoiiM', 
61%  as  measured  by^  W.  P. 
prismatic. 

right;  crystallised;  Olivenit.  A  right  rhombic 
prism ^  M  on  M',  about  ill*, 
fibrous ;  Wood  copper, 
compact, 
•pblique.  An  oblique  rhombic  prism  ^  P  or  M 
or  M',  95*;  M  on  M',  about  56*. 
rhoihbic;  Copper  mica.  An  acute  rhomboid^  Pon  P', 
69*  3(y,  as  measured  by  Mr.  W.  Phillips  on 
some  bright  planes, 
arseniate  of  Copper  and  Iron;    Skorodite.    A  right 
rhombic  prism,  M  and  M',  1^0*. 
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carbonate/ 
blue. 

crystallised,    jfn  oblique  rhombic  prism jF  on 

M  or  M',  91'-  do ;  M  on  M',  99% 
fibrous, 
compact, 
earthy, 
green.     Malachite. 

crystallised;  an  obiique  rhombic  prism ^ 
P  on  M  or  M',  112"  52' j  M  on  M', 
107*"  2(y.  All  the  crystals  I  have  seen 
are  hemitrope.  The  plane  of  junction  of 
the  reversed  halves  being  parallel  to  the 
great  diagonal  of  the  prism, 
fibrous;  Atlaserz.  . 

compact. 

epigene,  having  the  form  of  the  crystals  of 
blue  carbonate,  or  of  red  oxide.* 
siliceous ;  Achirite ;  Dioptase.  ^n  obtuse  rhomboid^ 
P  or  P',  126*  17',  as  measured  by  W.  P. 
on  cleavage  planes* 
anhydrous,  reddish  brown,  massive. 

hydrate.  

.......  siliceous;  Chrysocolla. 

muriate. 

crystallised.  A  right  rhombic  prism^  M  on  M', 
Q7«  ^^  gg  deduced  from  the  me.a8urement  of 
secondary  planes ;  the  primary  planes  whose 
positions  are  indicated  by  cleavage,  not  ap- 
pearing on  the  crystals. 
arenaceous.  Atacamite.  Green  sand  of  Peru, 
native. 

crystallised.    A  cube. 
fibrous, 
lamins^. 
compact. 

combined  with  Anenic  and  Iron  ;  White  copper, 
oxide, 
black. 

earthy. 
•  red.  ^ 

crystallised.     A  regular  octahedron. 
fibrous. 

,  •  .  The  longitudinal  planes  of*  the  fibres  are 
gfinpiaUy.  thofie  which  would  result  from  the 
replacement  of  the  edges  of  the  base  of  the 
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octahedroD,  the  axis  perpendicotal:  tp  this 
base  being  verj  disproportiooatelj  length- 
•Oed. 
.eartby«i .  Xlle  ose. 
phosphate* 

anhydrous. 

crystallised.     In  the  absence,  of  distinct  clea- 
vage,   a  right'  rhombic  .pri*m   may  be 
regarded  as  t|^e>  primary  iprm,  M  on  M'^ 
»A"20V         ...»     * 
coqipfict.; 
hydroiiA. 

cryst9.Uised.'      ^n.   oblique   rhombic  prisniy 
.  P  pn  M  or  M',  97'  30' ;  M  on  M',  37'  30'. 

The  planes  of  the  crysliils  I  have  mea- 
sured are  not  su$pieotJiy  perfect  to  afford 
very  acicurate  BCkeasm^n^eiits. 
.    The  difference  between  the  forms  of 
these  phosphates  was  I  b^^ve  first  ob- 
served by.  Mr.  X^Ty» 
fibrous* 
seleneuret* 

of  Silver  and  Copper.     Eukairite. 

sulphate*    A  doubly  obUgue  4^riim,  P  On  JVI,  .127'  30' ; 

P  on  T,  108' ;  M  on  T,  123% 
sulphuret*     Glance  copt>erk 

crystallised.  The.  form  unden  which  the  crystals 
usually  oecor  is  ihajttaf  a  regular  hexagO' 
nal  prisfKj  with  its  terminal  edges  re- 
placed. M n.Levy  found  that  the  solid 
angles  of  the  prism,  might  be  removed  by 
regular  cleavage,  exhibiting  thus  an  ana- 
logy to  Qnaitz* .  The  primary  form  mav 
therefore  be  an  acute  rhombiidj  P  on  P^ 
71'  30';  as  measured  by  W.  P. 
compact. 

From  the  published  analyses  there 
appear  to  be  two  different,  snlf^urets, 
in  which  the  proportiona' of .  copper  and 
sulphur  differ.  The  form  indicated  here 
is  that  of  the  Cornish  sulphuret. 
. . .  V  •  • . .  of  Copper  and.  Bismuth* . 

* of  Copper  and  Silver.  . 

..•••*••  of  Copper  and.  Iron*  Copper  pyrites ;  yellow 

oopper  one. 


'        V 

crystallised.  Jn  ocinhedpidn'tbith  It'  square  6^e^ 

P  on  P',  lOV  W I  F  M  P",  126'  15'. 
iniiiii^lUt«d.  ' 
amorphous*  i     i  :.    -.    «  . 

purple  Copper;    Buntkupferez.      Diffbfih'g  from 
yellow  copper  in  the  -proportions  of  its 
C0nstit!ient  eletndntA.  '  .  .  > 

crystallised .    A  regular  octahedron^  as  deter- 
mined by  W.  P.  •f^tft-d'^avftge. 
lambrpHoQs. 
........  of  Cof>per  and  ADtimmiy. 

. .  % .  V . .  •.  of  Copper,  Iron^  wid  Antimdhy%  CM^ur,  dark 

grey. 

s . « .  Arsenic. '  Colour,  brighl 

steel  grey. 

Both  these  varieties  are  termed  Grey 
copper;  Fablor«f.  • 
crystallised.    A  reg%$ktr  tetrahedron. 
amorphous. 

Platiniferous  grey  copper.  : 

of  Copper,  Iron,  asd  Arsenic^  hut  diffenii'g  in 

the    proportions    from    the    preceding. 
Tennatt€ite.; 
crystallised.  A  regular  tetrahedron.    The  regnlai^ 
octahedron  is  cmisiderecl  «8  the  prknary 
form  by  Mr.  W.  Phitlips,  but  som^  ^f  the 
modlBcations   acc«rd>  better   with   the 
tetrahedron, 
undetermined  species, 
blue  fibrous  Velvet  ore  ;  SanraiterE. 
.'giiefen  foliiited ;  Kupferschailm; 
Corallenerz,  see  Mercury,  sulphuret,  hepatic. 
Cordiente,  see  Diohroite.- 
Corundum. 

blue;  Samphire;  Telerie. 
red;  OrienlBil  ruby;  Telesie. 
yelkMv;  Oriental  topat. 
pitrpie.;  Oriental -amethyst, 
common ;  Adamantine  spar, 
crystallised.    An  acute  rhomboid^  P  on -P',  86*4'. 
granular, 
compact. 

ferriferous;  Emery. 
CouzERANiTE.   The  crystalline  form  is  said  by  Leonhard  to 
be  a  right  rectangular  prism. 
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Crichtonite,  see  Tltanimn. 

Crispite)  see  Titanium,  Ratile. 

Crocalite,  see  Mesotype,  red,  globaltr  radinted* 

Crunstedit,  is  said  by  Leonhard  to  crjstaUise  in  h$xagonal 

prisms. 
Cracite,  see  Chiastolite* 
Cryolite.    Cleavage  parallel  to  the  planes  of  a  square  or 

rectangular  prism. 
Cubicite,  see  Analcime. 
Ctamite;   Disthene;    Kyanite;    Rhetizite;    Sappare.   A 

doubly  oblique  prism,  P  onM,  93'  15';  P  onT,  100'  5(y; 

M  on  T,  106'  15',  measared  by  W.  P.  on  cleavage 

planes. 
Cymophane,  see  Cbrysoberil. 

D 
Datholite,  see  Lime,  bojrate,  |iliceoii3« 
DaurUe,  see.TouratalipeyCad^   .... 
Dapeche^  see  Bitumen. 
Delphinite,  see  Epidote.  .  r  '  \  .-.*      ;r  .    1 

Deodali)te,  see  FilpMoAe»<       i    , •  i . .  'i 

Desmine. 

Devonite,  see  Alumine  phoffphate.  ^ 

Dlallage. 

geeen,  see  .Amphibaie. 

metalloide,  foliated,,  see  Schiller  spar, 
fibrous,  see  Bronzite. 
Dialogite,  see  Manganese,  carbonate. 
Diamond.    A  regular  octahedron, 
Diaspore,  see  Alumine,  hydrate. 
Dicmroitk;  Cordierite;  Jolite ;  Peliome;  Steinheilite. 

crystallised.    A  regular  hexagonal  prisma     M  on  a 
plane  of  mod.  c,  137'  46',  as  measared  by  W.P. 
Diopside,  see  Pyroxene.    . 
Dioptase,  see  Copper,  carbonate,  siliceous'. 
DiPYRE ;  Leucolite.     From  a  very  minute  crystal  in  my 

possessioo,  I  suppose,  the  primary  form  to  be  a  regular 

hexagonal  prism,  but  the  planed  are  too  imperfect  to 

determine  this  point  by  measurement. 
Disthene,  see  Cyanite. 
Dolomite,  see  Lime,  carbonate,  magnesian* 
Dragonite,  see  Quartz,  crystallised. 
Dysodile,  see  Coal. 
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Edelite,  see  Mesotype,  red,  earthy. 
Eg^raiie,  8^  Idocrdde; 
Egyptian  pebble,  see  Quartz,  Jasper. 
Eisenkiesel,  see  QoHrtz,  ferruginous, 
fikebergite,  see  ScapoKte. 
Slaeoltte,  see  Fettstein. 
Elaterite,  see  Bitumen,  elastic. 
Electrum,  see  Gold. 
Emerald 
green. 

transparent,  precious  Emerald, 
opaque,  common* 
blue  and  yellow  of  yarious  shades,  and  colourless  ;  BeryU« 
blue  from  Siberia ;  Agustite. 
greenisli  blue  fh>m  Brazil  j|  A^uauiaiiiie. 
A  regular  hexagonal  prisnty  P  on  a  plane  belonging 
to  class  a,  IS5\ 
Emery,  see  Cortindum; 
Endellione,  see  Lead,  triple-snlphuret  of  Lead,  G>pper,  and 

Antimony. 
Epidote;  Akanticone;AVendalite; 'Delphi Aite;  Illuderite; 
Pistazite;  Thalllte. 
crystallised,     A  right  oblifue^angied  frism^  M  on  T, 

115*  40'. 
amorphous. 
'  granular ;  Scorza. 
Ercinite,  see  Harmotome. 
Esmarkite,  see  Lime,  borate,  siliceous. 
Essonite,  see  Cionamon-stone. 
Et^ci^TSiDERiTE,  See  Pyroxene,  fusible. 
EtJCL^SE.    A  ri^hi  oblique-angled prism^  M  on  T,  130*  SO'. 
Tlie  axis  of  the  prism  being  perpendicular  to  the  bright 
clearage  plane. 

EUDTALITE. 

crystallised.  An  acuie  rhomboid^  P  on  P',  about  74"*  30'. 
I  am  obliged  to  Mr.  Heuland  for  the  loan  of 
the  crystal  I  have- measured,  which  is  large  and 
nearly  perfect ;  but  the  planes  are  not  sufficientfy 
brilliant  to  afford-  a  Tery  accurate  measnremeot  b j 
the  reflectire  goniometer, 
amorphous. 
Enkairite,  see  Copper,  selenuret. 
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Fahlore,  see  Copper,  snlpllvret,  ftnenical. 

Fahlunite.  Two  flotratances  differing  la  tlieif  enteraal  cha^ 
racters  have  passed  «nder  thb  ttame. .  Tbe  Tfiklami^^ 
analysed  by  Hisinger,  agrees  nemrljr  in  its  external 
character,  and  in  its  compositioD,  ^h  the  Gie$^kUM, 
The  hard  Fahlunite,  which  has  been  analysed,  by  Stip* 
meyer,  may  remain  here  as  a  separate  species,  volesi 
it  be  referred  to  Dichroite,  to  which  Stroraeyer  appeftfi 
to  think  it  belongs. 

Fassaite,  see  Pyroxene. 

Felspar;  Orthose. 

crystallised,  a  doubly  oblique  f^m^  P  on  M,  90* ; 
P  en  T,  IW  15';  M  on  T,  Ur  45',  aBnuMored 
byW.  P. 

tvai^paffenty  or  traosliicent ;  Adularia* 
with  bhiish  opaleicence ;  Meen^ilpne. 
glassy;  Sanidin. 
opaque. 
^    coniitwi« 
blue. 

gre^n';  AvuuBeA  stone.  ■ 
yarioasly  opalescent ;  JUtbrador  fehpar. 
fi«tid;  Necfonte. 
compact;  Amausite;  Felsite;   Felsteins  Homstone, 

fusible  ;  Lemanite ;  Lodalite ;  Saossniiter 
globular.     Ginng  its  peculiar  character  to  the  rock 
called  Napoleonite,  and  tp  aaoil^r  termed  VaffMiteu 
decomposd;  Kanlin*  • 

Felstein,  see  Felspar,  compact* 

Fettstein;  Elaeolite;  Sedalte.  Cleavage  parallel  io  the 
plaAes  of  a  ptism  of  113*  and  C<8%  bot  no  transyersf 
clen^cage  to  ddiermuie  the  clasa  to  which  the  prism 
belongs :  measured  by  W.  P.  A  red  Tariety  haa  been 
called  Lythrodes. 
bttm,  froni  Lani^^  in  Nntwaj,  see  Gkiao^ijte, 

FlMfcOktTS* 

Figurenrtbne,  see  AgitaaMJde* 

Finrite,  see  i^astc. 

Fi8h«efe««toii^  ae«  AiMipky Uite. 

Flint,  see  Quartz.  -  >■    - 

Flockenerz,  see  Lead,  arseniate. 

Flos-ferri,  see  Lime,  Arragenik^ 

Fluor  spar,  see  Lime,  fluate. 

Fossil  copal,  see  Bitumen. 
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Franklinite,  see  Iron  oxide. 

FjUlSUUBSlTk 

Fmgardit,  reddiih  IdMBMie  cmiiiilHag  Maga^sb. 
Fnlgwile)  jee  QnarU)  MUMt*t«bet» 

FUZ.LBB8«EARTH. 

FusciTE.    A  square  prUm.    Is  refermd  hj  Loonhgrd  to 
. . .   So«poiite>  but  it  h  lot  stated  upon  wliat  antiiori^. 

G 
Gabbronite. 
Gadolinite. 

crystallised.  An  oblique  rhombic  prism^  P  on  M  or  M'^ 

aoat  06"*  do'  ;  M  on  M',  diH>«t  IU% 
amorpkons. 
Gnhnite^.  eee  Zmcj  oxide,  alominons. 
Galena^  see  Lead^  snlpliwret. 
Galiizenstein^  see  Zinc,  sulphate. 
Gailizinit,  see  Titaniam,  oxide,  rutikw       . 
Garnxt. 

crystallised.    A  rhombic  doiea^iron* 
Jblnck,  Melanin 

^.».,  f pom  the  Pf  r^Boes ;  Ppxm^bo* 
greeirish,  fiom  tfae  BiNUBal^  GvosMiaria. 
jFdUow  ;  lopaJEoiite. 
Kkiankur. 

red ;  Pyrope. 
Spettovr;  Svcdniie. 
brownish  yelloiT;  Gidophonile* 
amorphous. 

iranspBrent ;  Pjeedoos  Garnet ;  Almandine ;  C^reen- 

landite. 
opaque  and  greenish ;  AUodiiMile. 
Berzelius  has,  in  his  System  of  Migssaiagy,  chemically 

divided  the  Gancits  into  18  speciet* 
Almandine. 
Garnet  from  Broddbo. 

Finbo. 

oriental. 

.•••••  from  Syria. 
Swappavsra. 

•  .•'.••.••.•••  Thttrhigia. 

•  ••««••  •••  iDaiMiemora* 

Longbanshyttan. 

Melanite. 

Grossularia. 
Colophonite. 
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Allochroite. 

Bnt  it  Is  probable  that  most,  if  not  ail  of  these  dte* 
tioctioos,  may  be  referred  to  accideatfti  mixtures^  whick 
chemiftry  cannot  at  present  distlogaish  from  the  ^cbmd-' 
tial  constituents  of  the  pure  garnet.  '  "    « 

Greantrace,  see  Coal. 

Geblbmitc;  Stylobat.  A  square  or  redangulfor  priim*  No 
secondary  forms  to  d^ermine  which-  of  these  is  the 
primary. 

Geyserite,  see  Qsartz. 

Gibbsite,  see  Alumine  hydrate. 

GlESECKITE. 

crystallised*  A  regular  hexagonal pri$m.  The  Trikla^ 
site  agrees  yery  nearly  with  this  species  in  its 
chemical   composition,   and   possesses   the-  same 
crystalline  form,  with  nearly  the  same  external 
characters. 
Girasol,  see  Quartz,  opal. 
Gismondin,  see  Zeagonite. 
Glance  copper,  see  Copper  salphnret. 
Glauberite ;  see  Soda,  sulphate  of  Soda,  and  Lime. 
Giaucolite,  a  mineral  so  named  by  Fisher  of  Moscow,  which 
resembles  in  coIqiht  and  general  appearance  the  blue 
Fettstein  from  Lanrwig  in  Norway..  The   Norway 
mineral  has  cleavages  parallel  to  the  planes  of  a  rl»mlnc 
dodecahedron* 

The  only  specimen  I  have  seen  of  Glaucplite  is  in 
the  possession  of  Mr.  Hcaland. .  .   •. 
Gold,  natiTO. 

crystaiiised.    A  regular  odahedron. 

fibrous. 

graintlar. 

MBorphous. 

aigentiferoiis  ;i  Electrum.  - 

.  crystallised, 
amorphous. 
Gothite,  see  Iron,  oxide,  hydrous. 
Giammatlte,  see  Amphihole. 
Grammite,  see  Lime,  silicate.  t    .  • 

Graphic  ore,  see  Tellurium.    .  

Gbaphite;  Plumbagine;  Plumbago;  occurs. in.  thin  hexa- 
gonal plates,  or  crystals,  which  are  sometimes  striated 

parallel  to  their  edges.  

Grenatite,  see  Staurotide. 

Green^earth;  Baldogee. 

Greenlandite,  see  Garnet.  ^  ^ 


••*<•• 
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Gregorite,  see  Utaniain,  oxide,  ferriferous. 

G4^isiNilaria,  see  Gciraet. 

GttniBiistein,  see  Qmrtz,  Hyalite. 

Gurkofian,  see  Lime,  carlranate,  magnesian,  compact. 

Gypsum,  see  Lime,  sulpiiate. 

a 

B 
HaUite,  see  Alvnine,  sub^sulpfaate. 
Hallotricum,  see -Magnesia,  solpliate.    ■ 
Haemotome;     Andreasbergolite ;     Andreolite ;     Ercinite. 

•  •  ji  right  rectangular  prism.    M  oa  a  plane  belonging  to 

class  6,  150^ 
Ha&thi;  LatiaKte.    A  rhombic  dodecahedron.    Another 

•  .blue  mineral  from  VesuTius  has  been  also  called  Haiiyne, 
<lrat  Jtiappears  to  l>e  of  a  different  species,  to  which,  for 
the  ^purpose  of  placing  it  in  this  i^habetical  series,  I 
have  given  the  name  of  NapoUte. 

Hatbenite, 

HxBfBNBEROiTE*  Is  Said  to  havo  cleavages  parallel  to  the 
j  planes  of  an  obtuse  rhomboid  simi^lar  to  that  of  carbon- 
ate of  lioie,  of  ^  which  it  contains  only  about  5  parts  in 
100.  If  this  be  really  so,  it. will  afford  an  instance  of 
the  near  approach  of  two  rhomboids,  belonging  to  dif- 
ferent species  oi  minerals,  and  will  offer  another  exam- 
ple of  the  influence  of  a  saiaii  portion. of  carbonate  oC 
lime  to  determine  the  form  of  the  mass. 

Heliotrope,  see  Quartz,  calcedony. 

Helvin  i  see  Manganese,  silicate. 

Dr.  Wollaston  has  kindly  supplied  me  with  the  che- 
mical character  of  this  substance,  and  has  thus  enabled 
me  to  place  it  in  its. proper  station  in  tlie  list. 

Hematite,  brown,  see  Iron,  oxide,  hydrous. 
..ted, ..,anbydroiis. 

Hepatite,  see  Borytes. 

Heulandite;    foliated  Stilbite.     A  right  obli^^angled 
prism ;  M  on  T,  130'  SO': 

Bighgate  resin,  see  Bitumen. 

Hisingerit. 

Hogauite,'  see  Mesotype. 

Holmitb.  ■      i 

Hoiiey<«tone,  see  Mellite. 

Hornblende,  see  Amphibole. 

ferriferous,  from  Greenland,  see  Arfwedsonite. 

Hornstone,  fusible,  see  Felspar,  compact. 
Mifilsible,  see  Quarts. 

Humboldite,  see  Lime,  borate,  siliceous. 
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Hyacinth,  a  name  tonietiines  applied   toa)«e4  fttMlj  ^f 
Zircon,  and  soraetimet  tb  Cimnunm  ^otdae, 

Hjalite^  «ee  Qaarfcl* 

Hydrargiliite,  see  Alnmine,  pheqpkate* 

Hydrophane,  see  Qaartz,  opal. 

Hydropite,  see  Manganese,  sfficate. 

Btperstene,  blue  f rom  .Oieenland,  see  Aaij^ftibole* 

from  Labrador;  I^ndile*  Gfteavafe  ^niiJbei  io^itiii 
j^lanes,  and  to  both  the  diagonals  of  «  rhombrnprnm^ 
of  fiS*"  3(y.  Tbe  bri§^  plane  wU^ii  is  «pfxi^t  in 
the  specimens  of  this  substance,  is  piinilM.to  the 
short  diagonal  of  tibe  pvismi.  There  is  ba  ideaai^ 
^dM  I  can  peroette  teliasvene  to  tie  aaas«f  the  prismy 
bnt  I  ha? e  a  fiagitnt  of  a  ciyslal  nrhidb  indicates  an 
jobliqiie  teitaifna4i6b  inclining  lipon  ihe  aomle  jtdge  of 
the  prism* 

The  Bronsite  and  Schiller  spar  liav»«  deaangeft 
itefiar  to  the  Hyperstem,  and  airasare  ¥«ry  iwarly 
tkd  same^  btft  thie  Branaile  is  .mach  aoftor  tfaan  the 
Hyperaten^,  and  the  Sbhftier.sptor  4ioltfer.  than  the 
^r6nait^  aUd  Hre  probably  tiiwei^ie  dislitactfainerals. 


IJ 
#ABi;>    Axewslenew  BmUtaia^ 

Nephrite. .  OBsannit^  ; 
Jargon,  see  Zircon. 
Jasper,  see  Quartz, 

as  fiaeasured  by  W«  P. 
Ichthyopthalaatte,  see  Aipophyilite, 
Idocrase;  Egenm;  Vesuviahi  Wfliiteb. 

crystallised*  A  right  square  .prisvi}^  P  *on  a  phwe 
belonging  to  mod.  class  a,  hW  S&* 

rod^coBtainikig^MftigDesia;  ^VtigardUe;    : 

greenish  yellow,  containing  Mattgainese  $  jLaboito. 

amorphous. 

JCFVailSONlTE. 

crystallised.  The  crystals  resemble  one  of  the  opaqae 
varieties  of  Pyroxene.  The  cleavages  are  tparailel 
to  the  terminal  and  latend  pkaesy  «nd  to  both  the 
diagonals  of  an  oblique  rhombic  prUm^  ^  about 
87'  and  OS*,  obiiqbe  from  an  aoate  edge.  These 
angles  are  nearly  those  t>f  Pytoiiene,  to  which 
species  this  mineral  will  probably  be  found  to 
belong. 

amorphous. 


JfixiTS ;  Il«;pite ;  DeTrit. 

crystaltiied*    J  right  rh^mbk  priim  I  M  on  M',  112*. 

fibrous  radiated. 

amorphous* 
Jet,  see  Coal.  ■      - 

Igloite,  see  Lime,  carbonate,  AfragonMe. 
lUuderite^'see  Epidote*    •  .     ••' 

Ilvaite,  see  jeaite* 
Indianite,  cleavage  parallel  to  the  planes  of  a  prism  of 

about  95°  15',  which  is  the  aAgk  of  Silicate  of  lime. 
Indicoiite,  see  Tourmalineu  blue. 
JAoiit^,  8^0  Lime,  carboi^te,  stalactiilc*       '' 
JMake,  see  Alomine,  hydrate.  ^ 
Xolite^  8e«  Dtcfarolte. 
Im&iiiM,  aative,'ftil^ed  wkh  Oimfaiai.  AVegiUar  hexagonai 

*'      ats^tiiite.    A  ^idfs^   the  modifioations  of  which  are 
•ometimes  delsdive,  and  soch  as  might  result  from 
tllief  tetmh^droti  ai  a  prfn«ir)^  fbnia. 
arsenical,  see  Sulphuret,  araeni^. 
carbonate;  Bi^n  spur;  Stahlstein. 

'  ilsrystallisckii    An  obtusB  rhomboid^  P  on  P,  107*. 
fibrous. 

the  fibres  parallel.  • , 

• radiaf iag  and  fovmlng*a  mammeilated 

surfaise*    Spherosiderite.  - 
chromate. 

crystallised.  ^  A  1r$guiar  oei^ihedron, 
amorphous, 
native. 
.....  meteoric;  Aeiolito;  Bolide;  Meteorite. 

steel. 

oxiduloos;  Magnetic. 

crystallised.    A  regular  c$iiahedron. 
fibrous.  ' 

Mnot^pkons. 

with  oftldes  of  M|»ganese  and  Zinc.  Frank- 
lioite.  This  mineral  crystalliies  jn  irigular 
^agiUh&drons ;  and  thfe  Manganese  and  Zinc 
are 'probabl^  only  acoid^t^}  mixtures  with 
the  Iron, 
oadde. 
^      <       <anhfdro«Mi*  .  ^ 

^yvtaBisod;  Oiligiste   Iron;   Specnlar  Iron. 
An  acute  rhomboid;  P  on  P',  86**  !(/. 
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foliated;  Micaceous. 

scaly;  Iron  froth. 

fibrous ;  red  hematite. 

compact ;  red  hematite. 

earthy ;  red  ochre. 

red  siiiceoos  Iioo-stone. 

red  clay-Iron-stone,    . 

compact.  .  . 

columnar, 
earthy, 
hydrous. 

crystallised.  Aright rhomlncprmtf  Mon  M'^ 
130**  4(y.  Cleaves  .easily  in  the  difectkm 
of  the  short  diagonal  of  the  base..  Crystals 
of  this  substance  occur  at  St.  Just  im 
Cornwall,  and  with  crystallized  qoavts 
at  St.  Vincent's  rocks  near  Bristol.  Those 
from. St.  VtUQeiiit's  roci^s  l^%re  been  for- 
merly supposed  to.  be  Wolf  ram. 

red  scaly;  Gothite;  Pyrosiderite ;  Rubin- 
glimmer. 

fibrous ;  Lepidpcrokite. 

fibrons  brown  hematite,  containiog  a  greater 
proportion  of  water  than  the  crystallised 
variety. . 

compact  brown  hematite.;.  Stilpnosiderite. 

earthy ;  brown  ochre. 

brown  clay-iron-stone, 
globular;  pea  ore.   • 
lenticular, 
compact, 
earthy;  Umber.  .    . 

yellow  clay-iron-stone  

fibrous. 

compact. 

earthy];  Yellow  ochre. . 

mixed  with  clay,  and  SQoieUmes  sand;  Bog, 
Meadow,  &c.;  Iron  ore.  .  Limonite. 
phosphate. 

crystallised;  Vivianite.    A  righi  obligue^angkd 

prism ;  M  on  T,  125*  15'. 
earthy. 
,    sulphate ;  Melanteria. 

green  crystallised.    An  obUq;^  rhonUfju:  priim; 

P  on  M  or  M',  99*  20';  if  on  M^  82*  20^. 

fibrous. 


•  «    -    .  4 
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red. 

decomposed.  The  Atramentstein  and  Misy,  and 
the  red  sulphate  are,  according  to  Leonhafd^ ' 
related  to  this.n^edes,  btft  tfadr  eomposltioti ' 
is  not  given.  '       « 

sub*8olphate,  resinous ;  Pittizite. 

earthy, 
sulphuret;  Iron  pyrites* 
common. 

crystallised.      A  cube^  the  modifications  of 
which  are  frequently  djefective,  and  such 
as  might  occur  if  the  pentagonal  dodeca- 
hedron were  the  primary  fotm* 
auriferous, 
fibrous. 

in  hexagonal  prismsy  probably   pseudomot^ 
phous. 
arsenical ;  arsenical  Iron ;  Mispickel ;  Marcasite. 
crystallised.  A  ril[kt  rhombic  prism ;  M  on  M ; 

ill*  12'. 
amorphous. 

,  argeatifbroQS. 

magnetic ;    cleavage  parallel  to  the  planed  of  m 

•Ttffuk^ht^cugottulpfiim/' 
white.  .  .  i     ^    ; 

)        crystallised.  Aright  rhombic  prism ;  M  on  M'i  - 
106*. 
i^heelate  of  Iron  and  Manganese ;  Wolfram*- 

crystallised.       A    right    oblique-angled-,  prism ; 
'  :  A^oii  T,  t  Ir  te'  -as  measured  by  W.  P.   '      - 

fibrous.  .'•'*       '-      •'.'   >  .. -''t  t  ...•  I  *  .     \     •:.- 
amorphous.  .       '         ^ 

undetermined  species.        -^  : 
greealran  eortli^  -         •      ^       >     * 

fibrous. 

,  containing  Lime  and  Copper ; 

Chalcosiderite. 
Iserine,  see  Titanium,  oxide,  ferriferous.  •    " 

Kali,  see  Potash. 

Kaolin,  see  Felspar,  decomposed.  > 

Karpholite.  Occurs  in  fibrous  crystals  radiating*  from  a 
centre,  but  those  whibh  lluLiPets«en  arei'tOd  imperfect 
to  admit  a  determination  of  their  forms.  .  :  -  ^  '> 

Karstenite,  see  Lime,  sulphate,  anhydrous. 

So 
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Kairstin,  see  Schiller  spar. 

KeraphyUite,  see  Amphibole. 
Keratite,  see  Quartii)  horostone* 
Keratophyliite)  see  Amphibole. 

KiLLEiriTE. 

Kit,  see  Magnesia^  siliceous. 
Killkeff,  see  Magnesia,  siliceous*  ., 
Klaprothite,  see  Azarite. 
Kneb^Ute.    . 
KoUyrite^  see  Collyrtte. 
Koaljtey  see  Conite. 
Koreite,  see  Agiilmatolite* 
Koupholite,  see  Prehoite. 
Kupferschaam,  see  Copper. 
Kyanitey  see  Cymte« 


L 

Lapis  lazuli,  see  Lazulite. 

Lardite,  see  Agalmatolite* 

Lasionite,  see  Alumine,  phosphate*        ... 

I^tinUte^  4ee  Haiiyne. ' 

Laumonite.    Jin  oblique  rkominc  pri$mi  PodM  or  M', 

1 1 3'  3(y ;  M  on  M',  86'  16'. 
LAYii  coQipact. 
vesicular. 
fibrous.. 
;  earlhy.  .    ^ 

Lazulite;  Lapis  lazuli.  •  A  rhamhk  dodeaahedron.    The 

Azurite  has  also  been  termed  Lazulite. 
Lead. 

arseniate;  Bleiniere;  Flockenerz* 

crystallised.     A  regular  hexagonal prism*^ 
acicular. 

.^jamentods.  

compact,  mamellated. 
arseoite,  fibrous. . 
carbonate. 

crystallised.    A  right  rhombic  prismy  M  on  M' ; 

117' IS', 
columnar. 
'     .    aciculiu'.  1  : 

.    .      compact,  roamelltted* 

•arthy.        '  /         ■  >  * 


»«« 


'     K 
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\^ 


STNO^irif  ES,^ AKB  PKIM Aar  POBM i.  475 

r  ' 

chromate.    Jn  oblique  rhombkprism ;  ^  on  M,  09*  10'; 

M  on  MS  93**  3(/. 

9  pf  Lead  and  Coppier :  V^uquelinite. 

molybdate.       An   octahedron    with   a  squute '  base ; 

Pon  P',  99'  46' ;  P  on  P",  131'  15', 
,  murio-carboDate. .  A  right  square  prism.* 

native. 
'  oxide,  red  ;  Native  miniara. 

yellow.  . 

hydro-aluminous;  Plombgomme* 
phosphate ;  Polychrortie  ;  Pyromorphite, 

crystallised.      An  obtuse  rhomboid 'y     P  on  P', 
1 10"  5',  as  measured  by  W.  P. 

fibrous, 
phosphccto-arseniate.       A   regular   hexagonal  prism* 

This  species  Qccqrs  at  Johangeor^'enstadt  in  yellow 

hexagonal  prisms  ivlth  the  terminal  edges  replaced, 

and  in  small  yellOvr  hexagonal  prisms  at  Beeralston. 
sulphate,  crystallised.  A  right  rhombic  prism ;  M  on  M'; 

ior4a'. 

earthy  coptipact. 
'  sulphato-cairbonate.     '  A  right  oblique-angled  prism  ; 
M  on  T',  120"  45'. 
sulphato-tri-carboaate.     An  acute  rhomboid  i  P  on  P'; 

72"  30'. 
cupreous  sulphato-carbonate.     A  right  rhombic  prism ; 

M  on  M',  95°. 
cupreous  sulphate.      A  right  oblique-angled  prism  ; 
M  on  T^  102"  45'.  This  substance  occurs  at  Linares 
in  Spain,  and  has  been  described  as  cupriferouA 
carbonate. 
sulphuret;  Galena, 

crystallised.     A  cube. 

lamellar. 

granular.     Steel-grained.' 

of  Lead  and  Antimony.' 

crystallised.     A  cube. 
compact;  Bleischweif. 

of  Lead  and  Arsenic. 

•  .,.;.. .  of  Lead,  AntimQuy  and  Silver;  white  Sllirer  ore. 

. .  . ; ;  grey  Silver  ore, 

containing  less  silvei*  than  the  preceding. 
...:...  .of  Lead,  Antimony,  and  Copper ;  Bournonite ; 
'  Endellione. 

3o2  .       .; 


/Y  t 


orjstallised*      A  right  reciangn^r-  prtnn  ; 
M  on  a  plane  belonging  to  niod.  class  dj 

■ of  Lead,  Bbmathy  and  Silver.  •  Bisqantbic 

silver.  .  .  , 

scheelate.  .  . 

crystallised,  apparently  in  rt^^  square prismi.  The 
only  crystallised  fipeclmeQ  I  have  seei\  is  in 
Mr.  Heuiand's  cabinet 
Leelitc. 

Lemanite,  see  Felspar^  compact 
Lemnian  earth,  see  Bole. 
Lknzinite;  Wallerite. 
Lefidolite;  Lillalite.' 

crystallised.    A  regular  hexa^ongl prUrn^ 

lamellar, 
liepidokrokite,  see  Troi^,  oxide,  hydrous. 
%£ucite;  Amphigene*    A  cube* 
Leucolite,  see  Dipyre. 
Lievrite,  see  Jenite, 
LiGuniTE,  said  by  Leonhard  to  be  an  oblique  rhombic  prism ; 

P  on  M',  146*1  M  on  M'^  140%    I  have  not  seen  the 

substance, 
lillalite,  see  Lepidolite. 

LiMBILITE. 
lilME* 

arseniate ;  Pharmacolite. 

borate,  siliceous.  .  ^ 

crystallised. 

from  Norway ;  Datholite ;  Csmarkite.  A  right 

rhombic  prisni ;  TVf  on  M,  10^  4(y. 
from  the  Tyrol ;   Humbqldite,.    An  obkque 
rhombic  orism;  PonM^  ^V^b^;  MonM', 
115"  45^  as  determined  by  Mr.  Levy; 
see  his  paper  in  the  Annals  of  Philosophy 
for  Feb.  1823.     This  variety  probably 
differs  from  the  Norway  DathoUte  in  the 
proportions' of  its  elements* 
fibrous,  botryoidalf    Botryolite. 
carbonate. 

crystallised.  An  obtuse  rhomboid;  Pon  P',*  105*  5^ 
nacreous ;  Scbeiffer  spar. 

crystallised,    in   thin   crystals  belonging  to 

mod.  a  of  the  Tables* 
laminar;  Aphrite, 
jipaly. 
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colmnnar;  Madreporite. 
fibrous.  . 

laminar, 
lameliar. 
"  .  copipaot.    Marble  and  pommon  Limestone* 
,alat7,  containing  lihells  j  Lumachella.  * 
globular;  Oolite. 

earthy;  Chalk.  ; 

spongy ;  Agaric  mineral., 
pulverulent ;  Fossil  farina, 
stalactitic;  Inolite. 

.^otrypidal.     ', 
tubercular. 

globular;  Pea-stone;  Pisolite.  . 
incrusting;  Tufa;  OstrecoUa. 
sedimentarj.    Travertinp.    .  .; 

arcagouite^;  Igloite;. 

crystallised.    A  right  rhombic  prism  ;  M  on  M', 

116*"  lO',  measured  on^cleavage  planes,  ; 
acicnlar,  radiated, 
fibrous. 

coralloidal;  Flos  fern, 
compact 
magnesian  carbonatej .  Anthracooite ;  Bitterspar;  Mie- 
mite;  Muricalcite;  Pearl  spar;  Picrite ;  Tharan- 
dite. 
crystallised.  Jn  abiuserhqmhoid;  P  on  P',  106*  15^; 
the  cry8ti|ls:are  frequently  pearly  with  curved 
surfaces. 
granular;  Dolomite, 
flexible. 

compact  9  Qpnite ;  Gurhofiao ;  Magnesian  limestone, 
fetid. 

bituminous, 
aluminous.     Marl, 
compact, 
earthy, 
fluate. 

crystallised.    A  regular  ociahedrom 
laminar,  straight, 
curved, 
stalactitic. 
compact* 

earthy.     Ratoffkitt. 
quartziferous. 

alummiferous ;  in  single  cubes,  Derbyshire.  . 
chlorophane* 
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nitrate. 

acicular. 
earthy, 
phosphate  j  Apatite ;  Augustite. 
^     cry9ta>ltised.   A  regular  hexagonal  prism ;  M  on  a 
plaae  belonging  to  mod.  class  c,  130*  jltf. 
the  crystals  yellow  ;' Asparagus  stone. 

bluish ;  Moroxite. 

fibrous;  Phosphorite, 
botryoidal;  Phosphorite, 
compact. 

pulveiulent ;  Terre  de  Marmarosch. 
quartz!  ferous. 
silicate;    Grammite;  SchaaUtein;  Tabhlar  spar;  Wol- 
lastonite. 
crystallised.     A  douhfif  obHque  prism;  P  on  M, 
126'' ;  P  on  T,  93»  40' ;  M  en  T,  QS'^  15'. 
."  "  .  fibrous.  .  * 

sulphate ;  Gypsmn. ' 

crystallised;    Selenite;      A  right  ohliijue'-angled 

prism;  M  on  T,  113' 8'.  . 
foliated. 

fibrous;  Gypsum. 

.scaly;  niviform  Gypsum.  • 

►  .  -   :  compact;  Alabaster.  ■    \ 

earthy, 
calcareous;  Plaster  stone.  ."■' 

anhydrous;  Anhydrite;  Bafdiglione  ;  Karstenite ; 

Muriacite^ 
crystallised.     A  right  redangulaFj^rism, 
fibrous. 
......  contorted,  pierre  de  trippes. 

compact. 

quartziferous ;  Vulpinite.  .   *       ' 
scheelate;  Tungsten. 

crystallised.     An  octahedron  with  a  square  base; 
P  on  P',  100'  40' ;  P  on  P",  laQ*  ^. 
Limonit,  see  Iron,  oxide. 
Linsenerz,  see  Copper  arseniate. 
Lipalite,  see  Quartz,  flint. 
Litheosphore,  see  Barytes,  sulphate,  radiated. 
Lithomarge;  Steinmark. 
Liver  ore,  see  Mercury. 

Loboite,  see  Idocrase.  * 

Lodalite,  see  Felspar,  compact. 
Lotalite,  see  Amphihble,  var.  green  diallage. 


Laittacbtlla,  steLime,  carbotiate* 
Lydian-stone,  see  Quartz. 
Lythrodes,  see  Fettstein. 

■ 

M 
Macle^  see  Chiastblite. 
Maclurite,  probably  Condrddite. 
Mad  report  te  I  see  Lime,  carbonate. 
Magnesia. 

borate ;  Boracite*    A  cube*    Some  of  the  secondary 
forms  are  however  such  as>  might  result  from  the 
regular  modifications  of  a  tetiahedroa, 
carbonate.  '    > 

crystallised,  from  New  Jersey^  but  the  crystals  I 
have  seen  are  too  imperfect  to  admit  of  a 
determination  of  their^forms. 
pulverulent. 

of  Magnesia  jmd  Iron  ;  yellow  Bitterspar  from 

theTvrol. 
crystallised.       An    obtuse  rhomboid 'i    P  on  P', 
107°  30'.     See  Aniials  of  Philosophy  for  May 

..!..«...•#  .i« siliceous^  compact'; .  Baudisserite ;  Magnesite. 
The  silica  probably  not  essential  io  the  species, 
which  ikiay  be  merely  a  carbonate  mixed  with 
silex. 
.  .  pulremlent;  :Razoumoffskin. 
fluate  ?       . 
hydrate,  siliceous ;  Meerschaum  ;  Myrs'en  ;  Ril ;  Kill- 
keffe. 

.of  Magnesiaand  Soda ^  Bloedit. 

sulphate. 

crystallised^    A  right  square  prism ;  M  on  a  plane 

belonging  to  class  c,  1^9**. 
fibrousi. 
earthj. 
...•••••  of  Magnesia  and  Soda.  '     .    .. 

of  Magnesia  and  Iron ;  Hallotricum* 

Magnetie  icon^  see  Iron,  oxydulous. 
Malachite,  see  Copper,  carbonate. 
Malacolite,  see  Pyroxene. 
Maltha,  see  Bitumen. 
Manoakbse^ 
carbonate* 

crystallised.     An  obtuse  rhomboid^  P  on  P',  about 
.         107' 20',  but  the  planes  of  th€j  only  specimeifci' 


«        •"   • 


I  hare  seen  we  U>0.m^A  tskiw^A  jbiiiublit^if 

a  very  precise  measuretfteiij:*  .  .  ,  -  .   :? 

foliated;  Dialogite,  .r .  .^i  \f    - 

compact ;  Rhodochrosite. 
siliceous.  ! ' 

anhydrous;  Allagite;  Pkdtizite.   .  %>- 

hydrous;  Rhodonite^ 
hydrate.  .....     .  -  .r.  , 

oxide.  .4 

kirfBiMised,  AjighfrMmbicpriimiMaaM' y 

C0Tag9£tks .    .  ja  i.. ! 

earthy.  r.  o 

fibrous, 
frothy.    . 

earthy.  '    \ 

?     .siiicate ;  Red  maugiaiiese  ore*  

foliated. 

Compact.     \.  'v       .  .  -►' 

I      •..»•....  Helvin,  whick  i^ee«  . 

.    «  # 

fiydropite. 

.• . .  •  *•  • . .  ^  ferri&roiffi,  -  bk  ofstahuedrons  from.  Piedmont. 

:'  hydrous.  '    ;     .' 

The  prfecbe.  differeiicea  bek^fimn  the  precediag 
varieties  cannot  be  accurately  siait^,  there  being 
no  exact  descriptiona.  lofiilh^^jiiffiBnttttTminerals 

analysed,  except  of  the  Uelvin.       ^. 
-!'  phosphate  of. Iron  9^  Mkngannse;       rii 

sulphuret.  »       -i 

Marble,  see  Lime,  carbpnatc^  Tcomi^ot;    .  '. '    . . .' 

Marekanite,  see  Obsidian.  .  :'i 

Mork^ite,.  see  Inon,  sulphuret,  farsei^ical. 

IVIarl,  see  Lime,  alumiboBs.        .mo    ;:.! 

Mascagnin,  see  Ammonia,  sulphate. 

iVIeerschaum,  see  Magnesia,  hydrate,  siliceou^^ .    .    > 

Meionite.     a  right  squkre.  prntn^.  mpd.'.  di .  on^  a.  plane 

belonging  to  cJasfiLa^  132^..    Thifi.speciesi  nearly.  conoSf 

ponds  in  measurement  atuL  .che|nicai  ^mm^alamk\mi0^ 

Scapolite.  .     .    .         / 

Melanite,  see  Garnet,  black. 
Melanteria,  see  Iron,  sulphate.  .  ; 

Mellilite.     ji  right  square  prism ;  determined  1^  l^'Jfii- 

from   measurement  of  lateral  primary,  and  mjriwiduj 

planes.      '  '  .'.  .•  ,ii  .    . 

Mbllite;  Honeystone*    An  ocfakedroh  with  a  square  bascy 

P  on  P',  93«  7;  P^n  P",  U8*  31'. 


t  / 


I'j 


M^acbanite,  see  Titaniam,  oxide. 
Menilite,  see  Quartz,  opal, 
MaacumT.  | 

mnriate.    A  rigki  squarepfum,  M  i^i  a  plaoe  balong- 

iug  to  moil.  class  c,  158^  i  > 

native.  >  .  I 

argentiferoas ;    Natii^  aa^alganiL     A  fhomkic 

dodecahidr^n*  '.    .    ;.  '  J.  j  ". 

sulphuret;  CiDiiabar.  j 

crystallised.     An  acute  rhomboid^  P  oa  F',  7^. 
fibrous.  }  /•    ' 

puWeralent.   . 
compact, 
slaty; 

hepatic ;  Corallenerz  ;  Liver  ore.  • 
Mesolb.     See  Edinb.  Phil.  Jour.  vol.  7.  p.  7. 
MssoLiNE.    See  Edkib.  Fhil.  Jo»r.  vyi.  7.  |^.  7, 
Mesolite. 
mssottpe. 

crystallised.    A  right  rhombic  prUm^  M4>i»  VL'^  9\^  W* 
red,  globular  radiated ;  ^Oocallte.   ' 
....earthy;  Edeltte. 

yiaHoir,  gldiKiiar  radiated,  oar  reddish 4>r  ^(4ti^ ;  Hogauite; 
Natrcriiie. 
Meteoiite,  see  Iwn,  native. 

MlASZITS.  ^ 

u  The  crystalline  form  of  the  l^wnMioa  fiipai  Vesu- 
vius is  an  obiique  rhombic prism^  P  on  M  or  M^^  99^40*; 
M  on  M',  lOOP,  as  dcteroriiied  iy  W.  F,  fr«m  neaSiilFe- 
ment  of  same  bvUUaot  crystals.  From  the  analy#es  of 
diiferAit  4ibs4aiicea  whpch  have  been  deneminated  Mica, 
it  appears  probable  that  different  speeks  ^  tiilfieral^ 
have  been  comprehended'  un^der  thai  name,  aitd  that 
among  these  there  may  be  dtferent  ci^stalHne  fonns» 
One  of  these  varieties  appears,  from  the  direction  of 
soine  of  ttsoleavages,  to  crystalline  iii  right  pritmi^ 
nrhiok  are  fvobably:hexa9ona)l. 
Lite,  see  Andalnsite. 

Micarelle ;  Finite  and  Scapo4|te  have  both  passed  under  this 
name. 

Miemite,  see  Lime,  carbonate,  magnesian. 

Mispickel,  see  Iron,  sulphuret,  arsenical. 

Misy,  see  Iran,  snlphate,  decpmpiosed. 

Mocha*slone,  see  Quartz,  Agate,  dendritic. 

lic^rite,  see  QMavtx,  bnhiistone. 


4tS9t  LnTammBBALt,  thbiii     ^ 

MoLYBDZKUM,  oxide,  fibroBS. 

pulvenilent.  ;  / 

salphuret.    The  form  of  the  only  crystals  I.  have  seen 
is  a  regular  hexagonal  prismy  wkich  is  probably 
the  primary  form. 
Moon-stone,  see  Felspar. 
Moroxite,  see  lame,  (diosphate.  ..... 

Mountaio,  cork,  leather,  wood,  see  Asbestos* 
Mountain  meal,  see  Bergmehl. 

MOTJBTAIN  SOAP. 

Miiliers  glass,  see  Quartz,  hyalite. 

Mariacite,  see  Lime,  sulphate,  anhydrous* 

Muricalcite,  see  Lime,  carbonate,  magnesian* 

Mundic,  a  name  given  by  the  Cornish  miners  to-Iron  pyrites. 

Muriatic  acid.  . 

Mussite,  see  Pyroneoe. 

Myrsen,  see  Magnesia,  hydrate,  dliceous. 

N 
J^aphtha,  see  Bitumen.  .      » 

Napoleonite,  see  felspar,  globular* 

Napolite.  a  blue  mineral  from  Vesuinus,.'  see  Annals  of 
Philosophy,  yol.  7«  p.  403*  I  haye  called. it  Na^Me 
for  the  purpose  of  distinguishing  it  by  Jiame  from  Hau^ 
with  which  it  has  been  classed,  but  to.  which,  specieft  it 
appears  not  to  belong. 
Natn^lite,  see  Mesotype*  ; 
Natmn,  ^eeSoda*. 

Necronite,  is  probably  Felspar*     It  has.  two  cleavages  pro* 
,  ,     ducing  bright  planes  at  right  angks  to  each  other^  and 
an  indistinct  oblique  cleavage,  >and  hasihe  same  Lustre 
and  hardness  as  Felspar. 
Needle  ore,  see  Bisknuth,  sulphuret.   .     ^      <•     ..        . 
NEE]>LE*stONE ;  Scolezite.    • 

.  crystallised.    A  right. rkombk prism,  M  on  M',  ^l"  20^. 
The  Needle  stone  from  Iceland,  and  thai  from 
Faroe,  afford  the  same-  meiisfatrements..  by  the  re* 
flective  goniometer.     Dn  BrQvrster:  regards  tti6in 
.  ,.,     however  las  distinct  species*  ..;."; 

acioular.  *  .  ,5 

pulverulent ;  ,Mealy  sttlbite*  ,  , 

Neopetre,  see  Quajrtz,  horpstone*  '     ,    .  • 
Nepheline  ;  Somtnite..    ji  regular,  hexagon^d  prism^  M  an 
a  plane  belonging,  to  mod*  clas^c,  1;^^    .  . 

The  Nephelines  from  Monte  Sdmrna^BAil  {ron^^CapOudi 
Bove,  afford  an  instance  ^f  chemical  discordance  in  rela- 
tion to  minerals  having  the  same  crystalline  form. 
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Nephrite,  see  Jade.  I 

JiicAEL^  araeniate* 

cok^mngchty  or  some  other  sobstaaceB ;  Pimelite. 
>  iirsenlfeal. 

......•,  antiiDonial 

dxlAe'^  black. 

snlphar^t  of  Nkkel,  Arsenic  aod  Iron. 

Nickel,  Antimony vaad  Arseaic, 

Nigrine,  see  Titanium. 
Nitre,  see  Potash^  nitrate.      . 
Nosin,  see  Spinellane. 
N0VACUI.ITE ;  Tarkey  stone. 

.'■'■'  O 

Obbidijlv  ;  Volcanic  glass. 

in  small  rolled  fragments  ;  Marekanite, 

fibrous.  

amorphous. 

Oehre',  see  Iron,  oxide. 

Ochroite,  see  Cerium,  oxide. 

Octahedrite,  see  Cerium,  oxide. 

Obekit;  probably  Black  mica. 

Oisanite,  -^ee  Titanium,  oxide,  anatase* 

Oligist^  Iron,  tke  Iron,  oxide. 

OiWenft,  see  Copper,  arseniate. 

Oiivin,  see  Peridot. 

Omphazit,  appears  from  the  specimens  sent  here,  to  be  a 
mixture  of  Gramet,  and  that  Tariety  of  Amphibole  called 
by  Haiiy  Green  diaiiaff e,  and  probably  Cyanite. 

Onegite ;  perhaps  an  ore  of  Titanium. 

Oolite,  see  Lime,  carl)onate. 

Opal,  see  Quartz. 

Ophite,  see  Serpentine. 

Orpiment,  see  Arsenic,  yeUow  sulphuret. 

Orthite. 

Orthose,  see  Felspar. 

Osmium  ;  occurs  alloyed  with  Iridium,  which  see. 

Osteonolla,  see  Lime,  carbonate,  incrusting. 

Otrelite,  see  Schiller  spar. 

P 
Pagodite,  see  Agalmatolite. 
Palladium,  native. 
Paranthine,  see  Scapolite. 
Pargasite^  see  Amphibole. 
Paulite,  see  I^peritene. 

3p2 
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Pearl-spar,  see  limey  carbonate^sni^pienmi.  ,T4iCM^fa|S'lMai 
mach  uncertamty  in  the  use  of  tlie  tttiii^Jhmm  ip•l^fnlA 
Pearl  spar.;  the  ^wt  «f  tliese.baTvif  bena  ^ppMed;. to  i 
carbonate  of  Ifw^  and  also  to  tiwse  ▼arielies  of  Pearl 
spar,  or  Magoeoiaift  carbonate  pf  JJ^m^  vbich  are  of  a 
broim  colour,  and  probably  to  some. other  of  the  car- 
bonates, of  U»e,  and  of  Afanggafae* 

Pearl  stomI:^ 

Peat,  see  Coal. 

Pechuran,  see  Uraniam,  oxide,  ferrifioDanv 

Peliome,  see  Dichroite* 

Pentachuite,  see  Pyroxene* 

Peridot. 

crystallised;  Chrysolite  f  A  righi  reeiamguiar  prkm^ 
M  on  a  plane  belonging.,  to  mod.  'Clasii  d^  .141*  SiOh 
granuUur;  Olivtee. 
,  in  a  decomposing  state ;  Chnsite.. 

PsTALiTE ;  Berzelite.  Cleavage  parallel  to  4k^  ffi^am  of  a 
prism  of  100*  and  80%  and  to  boMi  Ms.^^^m^i  >«<* 
indications  of  a  cleavage  obU^ue  tp  its  ax)is».  .^.        .  > 

Petroleum,  see  Bitumen.      .  _         .    ^  ,     .   •:. 

Petro-silex,  a  name  applied  .SMi^tjin^jto  cnoOfUctFel^pary 
fmd  sometimes  t94i^o«i|Hiflt:?iMrie^*fil^d|UMiB. 

Petuntze,  a  Chinese  name  for.one.^  «tbe  svibstaiMnsaniOd  ia 
the  manufacture  of  the>r  poroeUaiPy  which  Is  pnbaMy 
Quartz. 

f  harowic^litc^  Sfie  JL4i(i^,  Af8««iia<». 

n^MigMQ,  .iKirfovrod  bf  Itefaimfd  rbotli  ito  Ainhydajfea  and 

Toprta.  

Phosphorite,  seeXim^.phqsphatc^^bimat     . 
Photizite,  see  Manganese,  carbpoal^  aUi^^owii 
Physaltte,  see  Topaz. 

Picotitej  see  Tourmaline.  .     -  ,,. 

PicROLiTE,  a  fibrous  ivadiatttig  4iibat«9))e  ioii|i>d>'in  <di»Cor« 

pentine  at  Taberg  iri  Sweden.  ' 
Picrite,  tiee  Lime,  carbonate,  magnesi^ii. 
Pictite,  see  TuiMrHeii ;       ■ 

Pimelite,  see  NIckiel,  oiu^  ...      .    •  -  . 

PiNiTE.    ji  regular  hexagonal pri^Mm 

A  very  soft  substance  from  Pinistollen  hais  passed 

under  the  name  of  Piniti^  but  from  analysis  as  weli  at 

external  character,  it  appeajM^Ho^.te-fldie^avate. 
Pisolite,  see  Lime,  carbonate. 
Pistazite,  see  Epidote. 

Pitchblende,  see  Uranium,  oxide,.|^iHle«ft9§... 
PiTCHSTOtf E ;  Dcodalite;  Py«aphrplite.;  Aotfiii^. 


ST 90il|NHN>  4i9]^ ^MMAUr  VOA)IS«  4SV 

VMWe^  fi^  ban,  f^ilb4««l»bMe^ 

«       ......  aUpifed  wttli'OibKr'inf talft. 

.».»•«  bi«^i  /coniiMAg«  larger  fMmlity  of  the 
ore  of  Iridfitti  than  tile  coniBion  Ftatina  does. 
FkiODasie^  seeStfotUe.' 
FMHUbagin^)  Aee  Onipkito* 
P}M<^^o«iifte^  seeLeod^joKkie^hjrdro-^toiiiiwiitii 
FlfHviiiyigO)  see  Graphite. '^ 
PofiAiogf^iate^  «€fe  QmtiRte^^earthy. 
Pol^RChfone,:  aee  httd^  ^pkofpbalA. 

PeoiYiiAwitM- 

PovoalUm  Jivper^'eeewQMartBi  Jastner. 
Potash  ;  Kali.  . 

nitrate;  Nitre* 
fibrous. 
PetetoBO)  Bee  XalP)  «H«paot. 
P9f09a^  aee  Sode^  •borate. 
Pi«ae^  see  QoaiiK. 
PBwimE. 

ifii^stalliiBd*    j(f  r|grM  rhombic priim^  M  on  M',  lOO*. 
the  firyetak  tabalar  4Hid  very  thin  ;  Koqepholite. 

Pumice;  BiiesteiD. 

Pycnite,  see  Topaz. 

PtralloiiITK,  from  a  small  fragment  with  which  I  have 

been  farored  by  M.  Nordenskioid,  its  discorerei^  I  fiiii 
.  ^hat  <b^r0  jaie  isleavAges  ipamUel  to  the  Utttitl  plsnes  and 

to  the  dltlgymab  of  airhombic  prism*-  Bttt^Hieiplanes  are 

too  imperfect  to  determine  the  angles  of  ike  f^risrau 
Pyraphrolite,  see  Pitchstone. 
Pymapmlc^  iee-Gemetf  hladu 
Pyrgom,  see  Pyroxene.    . 

Pyrites,  .see  Iron,  3lilpliitiet ;  and  Copper^.sulphuret. 
Ptrodmalite  ;  PyromaUle*    A  regfdar  k§sD0gmuU  prum* 
Pyromorphite,  see  Lead^  phosphate* 
Pyrope,  see  Garnet* 
Pyivphysalite,  see  Topaz» 
Ft&oathite. 

Pyrosiderite^  see  Iron,  oxide,  hydrous.  •  ^ 

Pyrosmalite,  see  Pyrodmalite. 
Pyroxsmk. 

crystallised;   Alalite;  Angite;  Baikalitt>^  Diopsidc; 
Fassaite;    Malacoiite;    .Mtssifet;   PentacJasite ; 
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irhich  accompany  thie  Jerifft^  tnmiBl^H,  and  irlilch 
hare  been  called  Hornblefide ;  the  White  Pyit»feoe 
from  N^w  York ;  afid  B4)iliho}i's  ;^ellow  Topa2  from 
Yesttfins.  Jh  o§tique  rhambh  pmmy  P  <m  M 
or  M^,  lOl*;  M  on  Wj  Sr  6.' 

Several  of  these  rarieties,  ptff^Cdi^lj  the  Sah- 
lite,  have  a  cleavage  troiiiva^  Hd'the  axia  of  the 
prism^  witeh'thtf-o^ips^fanre  dot.  ^  Bat  tkia  ei«av* 
age  appears  to  take  place  •  only:  wtiei^isoiifte  fbfrelgn 
matter  is  inter{JOS^A  4>c;tVr«fen^  the  tamitiiel  ^  the 
crystals;  for  the-aaaie.cryiStiJis'irlifchiBaj^lloiiepii- 
rated  at  oiie  of  these  apparent  jtin^6dsy  ttoBiot 
be  cleaved  in  the'sufiie  dii^cti^  in  dther-psrls  of 
the  prism*  ,..../::;.. 

granular;  CoccoUte.  '''*'•• 

aiDorphoas. 

fusible.     The  cleavages  an^  th^'^gles  of  tliis  ravieiy 

are  similar  to  those  of  Pyrox^^e,  )tir  dearl]^' As^a 

be  determined  by  the  reflectire^'golilo^^t^f  ^fiom 

planes  which  are  not  very  bright ;   ret  fVom'  Its 

.">'  ,  ifeady  fuuiWlity,  k' mif  ptoisibiy  be  a  d'tttinct 

'  '■'  '  ^species.  '  I  faav«  V^bserVed  thi»  vatkfty  <fiffering  in 
colonr  and  external  appearance  from  two  localities, 
from  SwedenVtmbedded  in  Quartz ;  l^cbysiderlte. 
Gr^nland,  accompanying  Budyallte. 

••        .     :       '...//  Q-  :     ■   :    .  ••  •      ■ 

crystallised.    Jn  obiure  rfumbi^iti,  P  on  P',  d4*  W. 
osildttriess ;  Ropk'cryst^;  BragonSte.   -   -  '  ' 

.'f;  '.'^hiik.  •■'•'•''■*".■•'.  '  .-    • 

brown;  Smoky  quartz,'  *'  •      •  :     . 

red  ;  Compostella  qutiirlz  ;•  P^imgilioas  quarts, 
yellow ;  transparent. 
.,   :•.'.....  op^qUC)  IdrrKbrdtts ;  Eisenkl^sel. 
"  violet  to  porpie  ]  Amethysts  '     -  : 
green  ;  prase^       '  .        !  : 
laminar;  milk^.  /       . 

rose.  .  '  '    '  . , 

acicnlar  radiated. 

fibrqps.   ■"'' -  .  '^  '  •  .'      ■   -  • 

granular.  '.*':' 

yellowish  green  ;  Cantalite. 

.  arenaceottsl'  '".:'•'  ^'      ;  "  '     ' 


*   *  t  > 


V«a«>>J  ^ 


eartlij^  mixed  with  tither  substmces* 
slatj;  Polishing  slate, 
compact ;  Biotten:  ^tooe-. ;  \  TrepolL. ... 

amorphoua^  fommpQ*        ..  .    I  i  ..,  i 

hlne.;..Sideiit^  a  .       .. 

greasj.  ..... 

avantiirine)  coi^taioing  nameroas  minute  fi|nires, 

or  scales  of  mica*  ...         >. 

iridescent.  <  ..  ,  ;n;, 

pseudomorphoas.  •     « 

penetrated  by  Asbestas ;  Cats-eye*    .: 

fetid.  ... 

black  opaque ;  Basanite ;  Lydiaa  4toii«. 

•  ^ slaty*  I        ,1 

jasper  $  common. 
.  red ;  Sinople. 
spotted. 

Ribbon  jasper.  .  .  $■» 

Porcellain  jasper*  .    > . 

agate* .....  .  .  "   ^    .  .' :'.  t/;.  '.  i- 

calcedony.  .... 

crystallised.     The  cffistals'  «re  pieudomor* 
phous,  and  probably^ iiave  taken  the  form 
of  Fluate  of  lii»e«    I   have  found  the 
,  niwtoal.iocliuatioa  of  the^  planes  to  be 
Sb"  by  the  reflective.  gDmometer. 
stalactitiQ*  .  .  .  .  \ 

blue. 

paiegDeeA^JCalonr^d  by  Arseniat^  of  .liidiLeli 
Chrysoprase.  ',-...  j,       , 

dark  green  ;  Plasma. 

i^lth    red    dots ;    Bloodstone  ; 

Heliotrope.        .  ;     .;*        i  ^  ^        i  ' 

Camelian .......*..•.    .  .    >  .  . 

white- 
yellow, 
red,  i.  ..  -•:» 


\.' 


r«' 


•  •*»..     » 


brown  ;  Sardonyx* 

spher.ojdal9  in  conce)itri(^  layetfrs^ictr  kindsj  Agaitc^ 

iu  parallel  layers  or  bands  ;.  Oujz^ 

veined.       .  ■  '  ,  ]       »,  i  ;  m.. 

deiidritiq ;  IVIoss  agate ;  Mocka  stoae^  , 

brec^  ag^te. 

wood  agate. 

mixed  with  clay ;.  Ja9per* . 

Egyptian  pebble.     .    jj : 


',.»«.     .-11      ,»     '••      •       ' 


/ 
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flint*  *.  ...■?,.»..  ^•^  * 

swittuning' QnarCz.  '  s.  .  ^/    .'vM 

carious  Quuirtz;  fiohr8tDii&;  M^iarite.    .;  .    .. 
faorastone,  infusible ;  Keratites  Nedpe^e.  ,.^ 

crjstaliised,  in  pseudomorpheos  ^jstaia. 

Woodstone. 
«fial« 

precious.  :. . 

girasoL  .     ;, 

hydrophane.  ;  . 

common.    . 

semi-opal. 

QpalJaspet.  \y 

Wood  opal.  

t  aluminfferous ;  Cacholong.'  ;  •    ,   !. 

chloropal.  ,_    ^ 

menilite.  V    ^ 

hjalite;  Gummistein;  MullersgftMfi. 
fiorite. 
recent  deposit  from  hot  springs ;  Sili(^M|iia  slAlert, 

Crejserite.  .       ' 

'  botr^oidftl; 

pulvemlent.  ,,^. 

t«laceouf,«ncIbfflaggiw,lpaye9;^c.^^^^^  ^ 
•cartliy.  '    " '  ^'     .  . 

Azorite,  from  St  Michael's;  /,' "' 

fibrous, 
jand  tubes ;  AsCrapyiillte^  Bfiz^ter ;  Cerauman^nter ; 
Fulgurite. 

■     *       '     ■'  tt." 
aaiildolite,  see  Scapolite.  :         '  .    '' 

^Ritofkit,  see  Lime,  fluate,  earthy.    *  ./    -u 

^AazoiUDol^kki,  see  Magnesia/ carbdnate,  siliceoulk  'l,^ 


^Realgw^  see  Arsenic,  sulphuret.  ^ 

Retinasphaltnm,  see  Bitumen.  /       '  ;.  ^  ^^ 

Retinite,  see  Pitch-stone.  "^' 


V      » 


Bflwsfte,  u^  Soda,  sulphate  of  ^4  Magile^V ' 
Rhetizite,  see  Cy«ni«e.  ^       ^  ^ 

Rhodium,  natire ;  alloyed  wift  Platina.       .^ 
Rhodochroril^  aee  MttigaAe^,' CaHl)diiatfe; 
Rhodonite,  see  Manganese,  carbonate^  dUocMS. 
Romanzovite,  see  Cinnamon-stone. 
Rotten-stone,  see  Quartz,  earthy. 
Rubellite,  see  Tourmaline. 


n,  y 


-   •*         » 


.»  -^ 


Hliliih  gleaner ^  fiee  Iron,' oxide,  hyAfotis. 
ttnby,  see  Spinell. 

oriental,  see  (.'orundum. 
Rtttile,  see  Titanium,  oxide. 

'•  S 

Sagenite,  see  Tftanium,  oxid^,  Hatile. 
Sahlite,  see  Pyroxene. 
Sal-ammoniac,  see  Ammonia,  muriate. 
Salt,  common,  see  Soda,  muriate. 
Sanidin,  see  PVlspar.  .      .     s  .       » 

Sappare,  see  Cyanite. 
Sapphire,  see  Corandum. 
Sapphirine,  appears  from  analysis  to  be  a  distinct  species, 

but  I  cannot  ascertain  its  crystalline  form.  . 
Sarcolite,  see  Analcime. 
Sardonyx,  see  Quartz  agate. 

Sassolin,  see  Boracic  acid.  

Saussurite,  see  Felspar,  compact. 

ScAPOLiTE ;  Arktizit ;  C tie  1ms ford ite  ?  Bkebergite  ;  Parta- 
thine ;  Rapidolite ;  Wernerite. 

crystallised,    jl  right  square  prism ^  mod.  d,  on  a  plane 
belonging  to  mod.  class  a,  122!!  5'. 

amorphous. 
Scbftftlfttein,  see  Lime,  silicate. 
Scheelium;  Tungsten.  '  •     .« 

oxide.    •     ■ 

calcareous,  see  Ume,  sch^late^      -    .   > 

ferriferous,  see  Iron,  sch^elate. 

pitniibifepotts,  see  Lead,  scheelate. 
Schieffer-^par,  see  Lime,  carbonate,  nacreous. 
ScfliLLBR-spAR;    Dialiage  metalloide,  foliated;    Kiirsttd ; 

Otrelite.    Cleavage  parallel  to  the  planes  and  to  both 

the  diagonals  of  a  rhombic  pHsnk  of  about  98*  Mj  add 
'  fNT  $6' J  btit  tmcertaiii  whether  right  or  oblique.    S*% 

•  HyfMrBtenei' 
Sehdrl,  dee  Tourmaline. 
^SeMCB^  fiwe-  Epidote,  girannlitr. 
SeleAlte,  see  Lime,  sulphate. 

'Seluhiuia,  see  Copper,  selenuret.  ' 

Semeline,  nee  Titanium,  oxide,  si liceowcalcariMHia. 

•Skupchtikb.'   ■  

ptreicious ;  Ophite.  * 

•  common*  ^ 
(Slb^rlte,  s«e  Touritiafine,  red.                                           /> 
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Sideifte,  see  QfiAtiz,  Moe;   TbelSEderite  of  Sirvraii  is  Phos- 
phate of  Iron. 

S'lDBROCLEPTE. 
SlOER^-GRAPHITE. 

Silex^  see  Quartz. 

^liceoas  spar  of  Haussmait,  ^oceurs  with' the  ToumnaHne  at 

Chestet^eld  in  Massachusetts,  see  Clecvelandite. 
Silver. 

carbonate.  *'■'' 

muriate* 

crystallised.     A  cube.  .       '    ' 

mamellated. 
amorphous, 
native. 

crystallised.     A  cube, 
*'  capillary, 

massive. 
< . .  .aotimonial. 

crystallised, 
granular, 
massive. 
.. .  .arseniferous*  i  .. 

sulphuret. 

crystallised.     A  cube, 

amorphous;  •  '.,*•'!    . 

of  Silver  and  Antimony ;  Red  silver.' 

impure  or  'decomposed ;  Black  silver^ 
Its  colours  are  light  red. 

dark  red. 
crystallised.     An  oktuge  rkomMdj.YovLV^ 

amorphous.  ' 

scaly,  Iropd  Golivan  in  Siberia ;  Aerosite. 
^  «••..«..  of  Silver  and  Antimony,  but  prdbably  dlfi^Hfig 

^  in  the  proportions  from  those  which' conifitule 

Red  silver.     This  variety  wo*  described  by 

^  '»  Rome  de  I'Isle  nnd^r  the  name  of  ^!^  Mine 

d' Argent  grise  antimoniale./      It  ha^  sin^ 
been  called  Bounionite  from  Freyberg^  [A- 
right  rhombic.  prUm^  M,pn  M',  XQQ^z^ta^* 
sured  by  W.  P.  on  cleavage  ptimes. .     '  ' .  K 

of  Silver,  A.ntimeny  and  Iron  ;  Bnttle  99v4^. 

All  the  crystallised  specimens  denooiiiiatied 
Brittle  silver,  whieh  I  have  seen,  app^a.^  to  be 
Red  siher.  Sameof  thcuse  speci)!i'eits  h^e.  ^een 
transparent  atid  red,  and  othi^iis  distinctly*  red 
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jf  ,    .    ..:ia.tt)ie  .frACtare^alth^h  bfMDiue;.  and  tlw 
met^i^iireDiieDts  of  all  agree  w\tk  those  •£  Red 
sUfert     The  Iron  would  appear  therefore  to 
.  .    be  ao  accldeDtal  ingredient  of  the  tpecimeA 
analjsed,  ^  . .       . .; 

x(...;f  „vaf  ^t^r  «n4  Jron;   Flexible  ta^phnret.   -Ji 
i  •        mi^/^  Q^Uqufi^imghd  priam  ;  M  on  T,  l%5\ 
Siaople^'  see  Qaartz,  ja&per. 
Skolezit)  see  Needle«*stone* 

Skoro<lite ;  see  Copper,  Arseniate  of  G^pev  and  Iron« 
Skoi^9  see  Epidote^  graoalarf  . 
Smaiaigdtte,  se^  Ampliibol^. 

SOAPSTONE. 

Soda  ;  Natron. 

Borate;  Borax;  Poanxa^^  Swaga;  Zahi;  Tincal. 

crystallised,     jin  oblique  rhombic  priimp  P  on  M 
or  M',  lOl**  3(y ;  M  on  U'yl^r  Wf^  as  mea^ 
snred  by  W.  P, 
carbonate;  Borecb. 
fibrous, 
earthy, 
muriate  ;  common  Salt* 
crystallised.     A  cub^^ 
.  fibrous.  .   , 

amorphous, 
nitrate.  s.      ,  ' 

sulphate.       ..'...., 
fibrous, 
earthy. 
,  • . .  .^ •  •  iOf^Soda  f|^  Lime ;  Bnmgniartin ;  Glauberite. 
An  oblique  rhombic  fri^m..;  P  on  M  or  M', 
104"  15';  M  on  M',  83*  SC. 
rf  *  ^>  ^  0  • .  of  Soda  and  lyi aguesja ;  Reussite. 
Spdaii/^9  see  Fettstein.  .  . 

.^QixiLiTE,  from  Greenland*    A  rhombic  dodecahedron, 
.^.i  )  from  YesoYius.    A  rhombic  dod^oahedrony  but  h 

VI  .1/       r      ^  ,  probably  a  .4lstin9t  species,,  as  it  is  ranked.by 
^j.,,,    .  Berzelius. 

^  Sommitep  see  Nephelli^e^ 
jS9^nAirAs.iTE^  . 
Speckstein,  see  Steatite. 
Specular  iit^n,  ^ee  Iron,  AXide,  anhydrous.  .  \ 

,,(  ,     AequinoUte^  supppsed  to  belong  to  thi^  species* 
ii?P?>^^7fi4^Tit^.fi?eJ[f|i^ii5  carbonate,       ..    i 
t!^P*W^^,  W  X»Uflimijb  ojfidersniQ?o«Q*Jiax^us. 

3q2 
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SpuiKtAx;  Rubj.'   A  r0guiar  vdahedritm.     '       vt.  A  ,  f     :  r' 
' )    if  black,  dar)c  blae^  gtMiiiA;  iMeonaBtew  .    • 
SiHoelliae,  see  Titanittm,  r4>xide,  siliceo^calcafeosE*  - 
Spinthere,  see  TitaniaiiK  qxide^  siliceo-eidcareoas. 
StoDtfteWR;  THfb'kme/  CteMagt^iiMalM  to  fltfTpiims, 
.  and  to  bolh  iii^dk^^'^f.a^rhdmtkpriim  0f  93" 

and  ST;  the  bright  cleaTage](](lane  bding  paratfebWlMto; 

short  diagonal  of  the  prism.     No  cleavage^ -pMoea*  to 

deterinhie  whetjier  tho  cijstal  is  right  or  bblique»: 
Two  sttbstancos  from  the  Tyrol  bmwti.  Uett  'caltedi 

Spodumene;  one  of  these  resemblea 'the  Sp^diMtaew    ' 

from  Uto,  the  other  is  Zoizite. 
Spreiistein,  see  Bergmanit. 

Stahlstein,  see' Iron,  CatbOiuit^.      .-..•,-..  .1  *•   ^   ,..il 

Stansaite,  see  Andalnshe*  '  ^ 

StaaiDlitei  see  StiiKotide.  -  i     > 
Staurotide;  Grenatite  ;  Staurolite.  A  right  rhombit  priam^ 

,M  OB  M',  IM**  atf.  •;     -.    ';  -     ••'•   * 

Steatite;  Speckstc4D. ;    ■  r^^^.    .-V"'    •  ... 

In  Pseudomorphofls  crystelB.  -  >^   "' 

Ainorphotts*  ..  •  ..   ♦/.m    f     ;•.,,,.-. 

Steinheilite,  see  Dichroite.     •      *  -  «^  ■■■■■.' 

Steinmark,  see  Lithomarge.  «  • 

Stilbite.  • 

foliated,  see  Heulandhe.  .«.'"'> 

radiated.    A  right  rhomhm  prkim^  M  on'M^  M»*  S6. 

This  mineral  cleaves  parallel  to  tlw  Ikte^  pluies  ^  -  ^ 
of  a  right  rectaoffolar  prism,  *  hot  there  *  is  lio  cifitL* 
vag9  pttFtli^l  to  ui4  tenmhal  pkutenfci  spdslrf  rism. 
■  •*  ■  ThBreai^e,  how^fer^ ^ lii 'sdiae btyl^ls,  iodfoations 
of  cleavagO  pamiM  4o:  tiia  plflD^/oif  «.  rhombic 
prism,  which  have  indnced  me  t0  adopti  tiiatr«s  the 
primary  form .  "•  ?  >  tn^-^  o*-  ^♦  -* 

Stilpno«siaeHte,  see  Iron,  oxide,  hydrous.  -  ><    • 

Stralite,  see  Amphibole.  •  ».»;.» 

Stfomnite,  see  Stroutian,  carboDatei*,  "foarytiferous*       « 
Strontian.  '  '       '<f^»b1 

carbonate.  '-    >....-.  ♦ 

crystallified.     .^  rrghi  rhombuh  fuiBm^^  M  oa  3i^^ 
117'  32*.        '  >  .-"  » 

*  »  fibrous.       ••         ■",»•«/         !  -..,,■  .T  J  t'V.  y,  ••     t. 

,      bary  tifer^ns  ; '  ^ibmiiite;;  *  ■ '       v  .         *'    * 
sulphate ;<Celesttne,  -1    t^  '     '•   < 

crystaliisedk     A  ri^ht  rhambk  prism^  M  on  M', 

104".     -  *' .  '      f'     -  J.'        .-.  .  V 
fibroub. 
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Stylobat, 'setf'Geldeiiitei    '  -     •     ^<*  '  ^ 

Saccin;  Araber.    '  . .  v  •  -     «      -^   «  >  '  -*> 

SacciQite,  see  Garnet)  jvtidir^  l^ndmian  "^ 

ScLPiivRic  Acmw  '    ■'      <.-^''i    •'.'•.». '  ->"     '.  '  »* 

Sulphur.  i    -        -    .     •'»  ^      -^ 

€i7BlaUiaed.     ^iit  otkih$^iFmt'<0iih  a  rhmMk  ^»9ej  ''" 
P  «i  Fy  lOfif  ftOt ;  P  on  F^y  143*  «'. 

stalacdtic^ 

Mnorplunis;  -     •.    •* 

Snrturbraod,  see  €oah.  ^ 

Swagtt,  we  Sods,  borate.  ' 

Sy-lran^  seerTi^UarHiiii.  <  ' 

T  .  •         •  '  '•            '    •   .     ' 
Tabular  spar,  see  Liine,  silicate,  ' 

Talc.  •  •       "■    '"  '-       •'■■-'' 

crystallised,  in  hexagonal  plates.  .,.*../ 

From  the  analyses  of  the  differeht  taitoer^  whkfli 
haye  been  brought  together  under  tbir  tiatiie,  it      " 
appears  that  several  hams  been  included'  wliick 
probably  do  not  belong  to  the  same  species,  it  hat 
been  made  to  comprehend     '      •       »'   <      .    '  :  ' 

Chlorite.  ,  .       ..       .  ,^ 

Potstone.  ^^ 

Venetian  talc.  » 

'  FJTensk  cMls,  and  other|nifiktaiites; 
TANTioAfE;  €dUBibite.  «  <  r 

cryMallised.    A  right  reehmguiarpfi^m  f  T  on  a^plane 

belefeil^g  toiaod*  clasr c^  h!iO\    Itis  throos^h  the 

■  •  '  liberalitf  of .  Mr«  Henknd  that  I  api  ki  pos^ssion 

*  -  of  ^he  crystal  which  has  afforded  me  thi^'  m^ure* 

msnt  here  given. 

Yttro-tantalite. 

black.  •    '     .     " 

dark  brown.  •       » 

yellow. 
Telesie,  see  Comndum. 
TELLURiuif ;  Sylvan  ore. 

nidve. '  A.  regular  kexugonti  prism ;  -  M  mi  a  plane 
belonging  to  mod.  class  c,  147*  15^ 

auro-aigentiferous ;     Graphic   ore.    .  A  right 

rhombic  prism ;  M  on  M',  aboot  107**  44',  as  mea- 
sured by  W.  P. 
.  ^4 . . «  auro»plambiferoas ;  White  tellurium.     A  righ^ 
rhombic  prism  ;  M  on  M',  105*  30'. 


.J 


natiTepliuDbo-ai^iiferoiia;  Blatta^rz.;  Iblia^d  TeUn* 
rium.  ji  right  square  prUm ;  P  on  a  plane  belong* 
ing  to  mod.  class  c^  1  \Q'»    .    • 
TeimaDtite,  ieo  Copper^  sulphiuet  of  Coppcit,  Iron  and 
Arsenic* 

?|ei7a  de  Sieiwii  9^e  JBo)e« .  ;    '      >       , 
erra  sigiliata^Af  e  Boliu,     »   .   •  :  . 
Thallile^  see  Epidote. 

Tharandite,  see  Jin»e|  carbonate^  magnesiaii*  •   t  ■ 
Thosi30mit£.    a  right  r^sctanptlar  jn^iffft ;  M.on  a  plane 

.belongipgtocblsi/,  136''10'.  ,  ..,,.„,.. 
Thulite.     Cleayage  parallel  to  the  planes  of  a  pri^  ^f 
9V  3(y,  and,  87*  SC,  bvt  not  any  distinct  clea;?i^|fe 
tninsverse  to  the  axis  of  tk^is  prism.  <    :    I 

TliuipQrstone^  see  Axii»ite«  .    -..    ..>*;.  ^oi* 

Thumite,  see  Axipite. 

Tin.  ^,    •.  ......  .{. 

oxide,  crystallised*  JLn  octahedron  with  asquag;^  base. 
, . .  P  «^  fi^  1^-  30' ;,  P  op>P",Kfi7*  d3f,  ,ak.  mtiisured  by 

,{.    ,   .      .    pompaCt*.  ..*.;.      ;    .      '■         r-    I  -     ..•      rt  .  •- 

librous ;  Wood  tin*     .  . .    •    ♦     /   «   v  >  • 
sulphuret  of  Tin  and  Copper ;,.  fielUmetal  .or<t»    . 
Tinder-ore,  see  Antimony.  .,..»! 

Tinkal|  see  Soda,  borate.  < 

TiTAniuM,  is  found  pare,  and  crystallised  in  si^U.c^oppef- 
coloured  cji^beSy  .in,  the.  iron,  slag  from  JjA^rihyr 
Tydvill.     Discovered  by  Dr.  Wolla^n^  ,;./,. 
^iKJfip^  A^^ise ;,  Qptfkh£4'Fi^  y,X>is^te.  An^ctahedron 
ioifh  a  square  base;.  P  on  P',  98°;  P  on  P^, 

13i5M2'*'  ;'      •  ■ ,    f 

^ .     ,., . ...  ,B,utiJle ;  CfUpite.;  Qfi^Vis^jnU^ j.Spgjmt^  J  rigH 
1  square  pri^m^  with  ^  c^a,Yage.  p$tc^lel  to  its 

diagonals  and  to  its  lateraKplane&t..,|P  on  a 
plan^' belppgjijlig  to  nipd»  class  <fy.,ii%''  3^'.  It 
. . .,  iff  from  a  fery  perfect  cryst^  b^lopghiig  to  Mr. 
Heuiand,  that  j  haye  biEien  ahkf  to^soertain 
this  form,  tiauy  gJLV^  it,.. ^ ^9k^r^fJ^a\g/^ 
prism  ;  but  tjie  i»^fisure^-^ij(  ofMr.  Ji^la^^s 

,,  fleti^vf  n(i  eip^^i  o^ts.b^iin&  wi^at;J  hsifie  des- 
crjbed.    .  ,,  j>  j  «...  ^.  ,,,,.    .,   . 

phromiferous.  -iiA  j^.  •' 

ferriferous ;    Gregoi'Iic  ;    Iserine  jf    Men^chanite ; 
r<Jigripe. 
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trystailizefl.    A  regular  ^etahbdron. 
'     granolar.    ;«'-'•        .    ^ 

'  sUkeo-calcareous ;  Settientte ;  ^Spb^ife  $  Sf^lMi^; 

SpiDelline         An   obtlque    rhontbui  ffrkm ; 
M  on  M',  76*^';  Poh'MvlW'^l'jlMJcord- 
ing  to  the  nie^8ui«inenCs<#f>Bo#e.' '         -  '»>  <► 
chrichtonite ;  ^n  ffcu/e  rham^Bid ;  PiMi  P'6'l*.9(/. 
Topaz;    PhjaoRre;    PycBite;    Pjio^^salite.      -A-fi'gk- 
rhombic  prism  ;  M  on  M',  1 W  28'.  '  *  m  j 

yellow  of  Boaraon,  frotn  Ymnwiiis^  b^  'Pyhlxene. 
Vo^zolite,  see  Garnet,  yellow, 
^irbel-ite,  «ee  UranJum,  ph*^phat(B.  »  :    i 

Touch-stone,  see  Quarts.  .  •  .  -  ^  .m  •  ,.. 

Tourmaline  ;  Electric  schorl.  Jn  dhtuse  rh^mM^i^^n^. 
133^20'.  ...  .      '  '      »  «•;    V 

black  from  the  Ilartz  ;  Aphrizite. 
blue;  Indicolite. 

red  to  purple,   and   8«ii«timeS'iiol«ttrleBi-V^pyi^^i 
Daurite;  Rttbellite;  Siberlte.  •     '    • 

dark  brown  uciculajr  cry^teis  ^re  termed  Cockle  by  th^  . 
Cornish  miners,     i    i"    /  •'     '    *•  '•'-' 

acieular  crystals  from  the  Pyr«ttee«';«  lHc6Htej    '  * 
Travertin©,  see  Lime,  carbonate,  sedimentary.  •   «     »i'       *' 
Tremolite,  see  Amphibole,  *.»■'•         -•>  .«  -  I    \' 

TftiELAsnE ;  Fahhinite.    '  \*^  ^^  •         -    >   •    •  ^       r..*//" 

crystallised.    A  regular  k^xftgionalfirifm^ 

amoi^housv  •'.      -■;*.i'.v.'.      .-    *  ;  w 

Is  probably  the  same  substance  as'Gteseekite. 
Triphane,  see  Spodumene. 
Tripoli,  see  Quartz,  earthy.  »'.-., 

l.^'ungsten,  see  Lime,  scheelate.     Both  the-4tfibt^1,  afid  the 

ore  in  whith  it » combined  WithLlme^^ have  beeh  called 
'  Tungsten,  which  tends  to  confaBie'th^  desicp}ption^  6f  btie 
'  ^      or  the  other  of  those  s'ubttattces.^  Aff  aw  oxide'  has  'been 

lately  discovered,  I  have  pMerrediidoptlng  the  term 

Scheelium  for  the  itietah  » ^^  I  •  J  <* 

''farkey-stone,  see  Novaculite. 
Turquoise,  see  Alumine,  hydrnte. 

TuKNERiTE ;  Pictite.  An  obUque  rkoiMe^jhiBm ;  P  ohM  or 
^   M',  99r^4& ;  M  on  M^^  M^'40V'  9o«  *AnAflt«  <^  Pfti^ 

lofofihyi  Apol  1893.  '  -^     •  ^ 

Tyrolite,  see  Azurite.  • '"'  *'    ''  •«      • 
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^      V 
Variolite,  see  Felspar,  gldmlar. 
Yftuquelinite,  see  Lead,  ehromaite  of,  aad  Copper* 
Veivrinn)  see  Idocrese. 
Yivi^aite,  see  Iron^  pbospfaate. 
IJmber,  see  Iton,  oxide,  hjrdroiid. 
Volcanic  glass,  see  Obsidian* 
yoranlite,  see  Azilrlte* 
Uraoite^  see  Uraniam,  phosphale. 
Ubanium. 

0]|id^,  ferriferaiis;   Pecharan;    Pitch  blende;    Uran 
Pitch  ore. 

phosphate ;  Chalcolite ;   Torberit ;  Uranit.      J  Hghi 

Yakaqllte,  s^e  j^roxene,  var..  Ancite. 
Valpinite,  see  Lime,  sulphate,  aahydrous. 

W 

Wad,  seie  Mai^^ese,  oxide,  earth^^. 

Waliertte,  see  Lenzioite* 

lyaYeliite,  see  Alnmlne,  phosphate* 

Web'sterite,  see  Alumine,  sttbsulphate. 

'Wemerite^  iee  Stapolite. 

Wilnite,  see  Idecrase. 

Witherite,  see  Barjtes,  carbonate. 

Wolfram,  see  Iron,  scheelate  of  Iron  and  Manganese. 

Wollastonite,.  seie  Lime,  silicnte. 

Wolnyn,  is  probably  crystallised  Alnm-stone. 

Y 

Yanolite,  see  Axinite. 

yT?i;Ri49  seo  it0  coBibfaultionft  with  Cerinni,  &c. 
yttipri^erite^  se^Geriam.     ^  > 
Yttio-c^liuiibit^,  see  Tanialite. 
Ytiio.t«ntaUte^  see  TantaHte. 
Yu,  supposed  to  be  Prebnite,  which  see. 

Z 

Zals,  see[  Soda,  borate^ 

2jm4iGWV^p  ^bmsite;  Gisutondln.    An  oeiMhedronwiih  a 

square  base;  P  oa  P',  ItT  54^ ;  P  oo  F',  86*  9f. 
Zeolite,  seeAnaldme. 
'  Chabasie. 
Henlandite. 
Mesotype. 
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I 

Natrolite.        ,    ..»  -,     -^    •  !    **';       -^     *' 

Stilbite,  .     p     .  . 

Ztkc  '  *  > .       -  '       ^ 

carbonate. 

aryBtallked.     An  obtuse  rhomboidi    V  or.  V, 

lOT""  40';  measured  bj  Dr.  WoUaaton; 
botryoidal. 
earthy.  • 

oxide. 

^. . .  ,maDgaDesiaa;  re^  oxide-    ji  regular  hea^onal 

prisniy  as  determiaeJ  by  W«  P.  frow.  cleavage. 
•  • . .  .alaminous  ;.  ^ii^^mo]ite ;,^6ah|iUe» ••       "..^    >>t  / 

crystallised,'    A  regulitr  0Qiabe4br9n^^  ,      ^'  :,*i.  4 

granular, 
silicate.    A  right  rhom^  prism^  M  on  M',  102*  35'* 
sulphate;  Galjwnste^f  ,.,,,,  .*<  V 

crystallised.  .»        «    i   w      ^   -^Ni-V 

fibrous.  .     ,  ' '  '  f      i         ■,,..,.> 

earthy.         .^,  ,_.   t,  .^    •;         '•'•';! 

sulphuret ;'  Blende.  ,.*..',..   u*""*^* 

crystallised.     A  rhombic  dodMiheit^om*  • -^ 

amorphous..  ,^.  ,,  ,         :     t.      .  •  ^ 

cadmiferous.  .     ,V  -:  .    -.    "    '^ 

fibrous,  .     J      .     .       ,   <     *    ' ' 

compact,   ^  ^     ;  ,  .     .V 

Zircon  ;  Hyacinth  ;  Jargon.    An  octahedron  with  u  square 

base ;  P  on  P',  li3'  20' ;  P  on  P",  84'*  20'. 
ZoiziTE,  has  been  considered  by  the  Abb6  Haliy  asi^ifiiwietjr 
of  Epidote,  an  error  into  which  he  haa  probaUir. .beeii 
led  by  the^crystalsyf  Enidote  which  are  fonnd  in;thb 
Zoizite  fromUarinthia.  it  is  however  ^.distiocl:  apedei, 
having  for  its  primary  form  a.  rhombic  prissy  iM  on  ML 
116**  30'.  There  is  apparently ;  a  fcleavage^AcvmvesM  tb 
the  axis  of  the  prism^  but  not  ai|fficient|y  distinct  Idir 
measurement,  which  indicates  that  the  prism  is  oblique 
from  an  obtuse  edge.  ^ 
Zurlite,  or  Zurlonite.  ,,,.a    j  ^  do'  .       s^'^ 

ZUBLONITK., .|.,,.    .,       ^.     .,,..::/.       i.^        *«K 
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TABLE  OF  THE  PRIMARY  FORMS  OF  MINERUbS> 


Cube, 
Analcime. 
A|^me. 

Arsenical  CobaTt. 
Natiye  Copper. 
Arseniate  of  Irbti. 
Iron  Pyrites. 
Leiicite. 
Galena. 
Boracite. 

Muriate  of  Silver. 
Native  Silver. 
Sulphnret  of  Silver. 
Muriate  of  Soda. 


Regular  Octahedron, 

AlUQl. 

Muriate  of  Ammonia. 
Oxide  o9  Arsenic!. 
Red  Oxide  of  Copper. 
Purple  Copper. 
Diamond. 
Native  Gold. 
CliromAte  of  Iron. 
Magnetic  Iron. 
Fluate  of  Litne. 
SpineHe. 
Menachanife. 
Automolite. 


Regular  Tetrahedron, 
Grey  Copper. 
Tennantite. 
Helfifl. 


Rhombic  BtfdetM^dtdn. 
Cinnamon-stone. 
Garnet.  ' 

Glaucollte? 

Haiijoe;  

Laziflite; 
Native  An^^YgAin. 
SodaKte 
Spineflane. 
Blende. 


Octahedron  with  a 
base. 

Anatase . . 

Moiybdate  o^  Xiead . 

Tungsten 4 . 

Copper  Pyrites 

Zfeagonite ,.,....... 

Zircon 

Oxide  of  Tin 


square 

P  on  F. 

99!" 

99  46' 
100  40 
102  1^ 
152  55 
125  20 
133  SO 


Oetahedbronwith  a  rectangular 
base,. 

I*  9h  P'. 
Arseniate  of  Copper  72'  22'. 

Octahedron  with  a  rhombi^ 
base, 

P  on  PI 
Sulphur .10B'20C 


TABLIS  OF  PRIMART  PORMS. 
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Right  Square  prism. 
Red  Afitimonj  ? 
Apophyinte.  .   . 

AUaoite. 

Chia3toJite  ? 

Fuscite.    . 

Idpcra^e. 

Murio-carbonat^  oT  Lead. 

Scheelate  of  Lead. 

9u1p))9te  of  Magnesia. 

M.eiOnU^. 

MelUUte. 

Maiiate  of  Mercury. 

Scapolite, 

Foliated  Telturium. 

tlutilef/ 

Phospiiate  of  Uranium. 


Right  Rectangular  prism. 
Coniptonite. 
Couzeranite  ? 
narmotome. 
Bournonite. 
Peridot. 

Sulphate  of  Potash. 
Tantalite; 
•ftiomsoftttfe; 
Anhydrite.        • 


TTncertaio  whether  square  or 

rectangular  prism. 
GeWenite. 


Pleavage parallel  to  theplanes 
.  .of  aSquare  or  Rectangular 

prism. 
Aflophane. 
Cryolite.         - 


Cupreous  Sulphato*- 

carbonateof.Le'ad.  05^    « 
Anhydrous  Phosphate 

of  Copper . .  t .  • . .   9.5  2rf 
Yttro-cerite  :    J : . . .   97 
Yelldw  Sulphuriet  of 

Arsenic  .. .  ...\  .  .100  . 

O^ide  of  manganese  100 

Prehnite .....100 

Su'lphur^^    of   Silver 

•^  Antinionj  . .  ..H^ 

Slilbite 101  35 

Sulphate  of  Bifrytet .  101  4^ 
Sitic&GB  of  Zinc  ....  10^  95 
DatMite  ..^......l03  4t 

SuSphate  of.Lead  • , « .  103  4lf 
Sulphite  of  Strontiaa  104 
Whiter Telluriom...  105  36 
Whiter  Iron  Pyrites  .liGiS 
Graphic  Tellurium ..  107  44 
Ars^ate  of  Copper  111    . 
Arsenicallro.nPyritesIll   1% 

Jenite.. ....112 

Ajrragpnite  ....•••.  1 16  10 
Carbopate  of  Lead  ..117  J& 
Carbonate  of  St'rbn- 

tiau...: 117  n 

Carbonate  of  3arytes  1 1 8  30 

Humite. 1?0 

Arseniate  of  Copper 
and  Iron. .;.... .120 

Azurite:.:.. \%\  30 

WaTeiate:...:....122  15 

Topaz,..:::...,:.  124  33 

Staurotlde... :::...  129  3Q 
Hydro-oxide  of  Iron  1 30  4(0 
White  Antimony  . .  .137 


: 


Right  Rhombic  prism. 

JW  on  M'. 
Sulphuret  of  Antimony 

nearly  90" 

Mesotype 9r  lO' 

Needle-stone 91  20 

Andalusite 91  20 

3r2 


Right  Oblique'^angled  prism. 

M  on  T. 

Brewsterite ,  93^*  40' 

Cupreous  Sulpbaie  of 

Lead.: 102  45 

Sulphate  of  Lixne ...  1 1 3     8 

Epidote ...115  40 

Wolfram 117  22 


. 
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TAJIM  OF  rHIMJLEY  FOJtM* 


Solpbatd^carbooM^  . 

cfleaA 12(r45' 

Areenlate  of  Cobalt .  134 
Flexible  Sulphuret  of 

Silter .....125. 

Phosphate  of  Iron.  •  125  l& 

Heulandite 130  30 

Enolaie 130  50 


Oblique  Rhofnbk  prisrn, 

ObUquefrom  an  acute  edge, 

M  oh  M'. 
Hydrous  Phosphate 

of  Copper... srSO' 

Arsenlate.  of  Copper.   56 

Realgar :,',..  74  14 

Sphene 76     2 

Sulphate  of  Iron ....   82  ^0 

Glauberite 83  20 

Laumonite  •....•..  86  15 
Pyrojtene  ....%....  87     6 

Oblique  from  an  obtuse  edge, 

MonM'. 
CfaroDoate  df  Lead  . .   93°  30' 

Turnerite 96  .10 

Blue  Carbonate  of 

Copper 99 

Mica  from  Vesuvius  .  100 
Green  Carbbuate  of 

Copper . * 1 . . 107  20 

Gadolinite  . . : .  . .  ..115 

Bumboldlte 115  45 

Zoizite. 116  30 

Amphibole  ; 124  30 

Ligurite 7 140 


Doubly  Oblique  prism. 
Diaspora  ....  P  on  M  108°  30' 
PonTlOl  20 
MonT    65 
Axinite. . ; .  :PdnM  134  40 
PonT  115  17 
MoiiTl35  10 


CleavelanditePonM  ll^^'iO' 

PonT  115, 

MonT    93  30 

Sulphate  of 

Copper. . 

.PoiiMl27  30 

PonT  108 

M  onT  123 

Cyanite  «.. 

.PoaM   93  U 

PonT  100  50 

MonT  106  15 

Felspai' .... 

.PonM   90 

PonT  120  15 

MonT  112  45 

Silicate  of 

Lime  .  • » 

.PonM  126  . 

PonT    93  40 

• 

MonT    95  15. 

I 


Cle^ageparallel  to  the  planes 
of  a  Rhombic  prism^  but 
uncertam  wheiher  right  m:. 
oblique, 

M  on  M'. 
Spodumene  ........  93"*    . 

BroDzHe. «..,.....  93  30' 

Hyperstene  .  • 93 .  30 

Schiller  spar 93  30 

Petalite  ........  ..100 

Anthophyllite......l25 

Cleavage  parallel  to  the 
planes  of  a  prism  whose 
other  characters  are  not 
known, 

Tlie  greater  angles. 

Thulite 92'».30' 

Indianite ',   95  15 

Amblygonite  ......  105  45 

Fettsteiu 112 

Regular  hexagonal  prism* 
Cronstedit  ? 
Dichroite. 
Dipyre  ? 
Emerald. 


TABLE  OP  PRtMAllY  F6RM8. 
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Gieseckite. 

Graphite. 

Irtdium  and  Omnium. 

Magnetic  Pyrites. 

Arseniate  <if  Lead. 

Phospfaato-arseniate  of  Lead. 

Lepidolite  ? 

Phosphate  of  Lime* 

Sttlphnret  of  Molybdenum. 

Nepheline. 

Pinite. 

Pjrodmalite« 

Talc? 

Native  Tellnrittm* 

Trikladte. 

Red  Omide  of  Zinc. 


i<i  ■  I 


-»-*< 


irf-M 


^cuie  Rhomboid. 

P  on  P'. 

Crichtontte 6V  20' 

Ani^Dtate  dT  Copper.  69  Bq 
^alpbttret  of  Copper  k  71  30 
Cinnabar.  .*  4.  «.;•  •   7S 
Snlphato-tri-carbonate 
of  Lead«.«. «....  72  80 

Eudyalite 74  30 

.C^mndum  ••••«. ..86    4 
OiigiHe  Iron  /..«..•  80  10  I 


Obtuse  Rhomboid. 

P  on  F. 
Crystallised  Alum- 
stone,  .i i .   92"  50' 

Qu^rt;B 94  15 

Chabasie 94  46 

Carbonate  of  Lime . .  105     5 

Brttet*Spar 106  15 

Carbonate  of  Iron  . .  107 
Carbonate  of  Man- 
ganese,..*.. *... 107*20 
Carbonate  of  Iron  and 

Magnesia  .......  107  ,30i 

Carbonate  of  Z^nc  . .  107  40 

Red  Silver 109  M 

Phosphate  of  Lead.  .110  5 
Dioptase  •««...«...  1 26  17 
Tourmaline  * 193  20 


lit  I  I 


Cieavageparallelio  the  planes 
vfan  Obtuse  Rhomboid. 

P  on  P'. 
HedenVergite  ......  10«<».  A' 

Native  Antimony .  * .  I  IT 


INDEX. 
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A 

Aoglei  pboe^  defined,  2.-— its  measare,  or  ? ftlue)  liow  deter- 
mined,  2*^-iright^  3.-H>aclite,  ^— ^tnee,  ^ 

Angle,  eplid^  defined,  % — «aid  to  be  replaced  bj.teooiidaiy 
piM€8,  ^-^f  repkMsed  by  1  plane^  it  tnmcated^  S4* 

Aoglefl^  at  wbicb  tbe  plaoe^of  o^wtai^-iiictiiie  la  eaeb  otber^ 
.  boK.  detennioedy  2&-^bow  meaiaved'  bf.  tbe  :Coninion 
goniometer,  26. — and  by  tbe  reiective  goniometer,  30. — 
aimiiary  defined^  ^     -  

Arrangement  of  minerals,  499*-^mmt^wrj  with  tbe  objeet 
of  the  collector,  44Qr-^an  aipbabetieal  anani^emeMt  pro- 
posed^ .441«— And  given,  451  t0  4Si7.<t— a.chemtcai  basis 
eoftsidered,  443. — ^an  optical,  446« 

AttiftolSon,  molecular,  48./ — may  differ  indiffisxentdifiecttoos 
0i  the  molecniiea,  4&  

Axis  of  a  crystal,  defined,  13.r--*«bH^e,.  I2t-ripriam«lic,  19. 
of  a  cube,  13.*-of  a  tetiiiliedton,.l3«:--of  0oliabedren% 
13.— of  a  rhombic  dodecahedron,  13. — of  piisms,  14) 
'  15, 16.— of  a  rhomboid,  16. 

B 
Barytes,  sulphate,  molecule  similar  to  primary  Corm>  38. 
Bergman's  theory  of  crystals,  33. 
Bevelled  edge,  defined,  24. 

Bonmon,  Comte,  first  described  crystals  by  their  modifica- 
tions, 34. 

c 

Calculation  of  the  laws  of  decrement,  general  method,  286 
to  303. — applied  to  the  cube,  304«— to  the  regular  te- 
trahedron, 308. — to  the  regolar  octahedron,  313.*-*-lo 
the  rhombic  dodecahedron,  330.  <-^  to  the  octriiedron 
with  a  square  base,' 335. — ^to  the  octahedron  with  a 
rectangular  base,  330. — to  the  octahedron  with  a  rhom- 
bic base,  335. — to  th^  right  square  prism,  339. — ^to  the 


right  rectangular  prism,  341.' — to  the  right  rhombic 
prism^  343. — to  the  right  oblique  •angled  prism,  347. — 
lo  the  dblique  rhombic  prism,  3di.-^te^  rthe  dottMy 
obliqaei  prism,  355.-^t6  the  hexagonal  prism,  856.— 
to  the  rhomboid,  360.-^applied  to  a  particular  case, 

Citri^eaata  of  Lime,  see  lime,  cia^onate. 
C^avage,  the  dii'ectfott  in  trhich  a  cr^^stai  may  be  spHt,  1. — 
oil  what  Its  direction  is  supposcia  t6  depend,  dO.-— two 

<  or  more  nets  of,  may^  ea^  in  the  same  crystal,  viz. 
primary  set,  supeiHutitifirarjf  sets,  56. — planes,  generally 
similar,  when  th^  primtf^y  planes  to  which  they  are 
respectively  paraltel,  are  stn^lar,  57.  '•***'  more  easy  in 
one  direction  of  the  crycrtal  than  another,  *  when  the 
primary  phtnes  are  not  similar,  57.i^priBiary  a^  may 
He  in  one,  two,  of  inor^  diftdfent  directions,'  hence  the 

■  f  •  terms,  single  cleaviig^,  double^  thr^6td,  fee.  58.-^ 
solids  prodiieed  by,  da  riot  necei^sarily'  te^te^nt  the 
molecules  of  crystals,  but  are  somethndi  h)i)>isrfeci^ 
primary  forms,  59  to  65.-^how  it  might  ultimtttely  pro- 
duce an  octahedron  from  the  tetrahedron,  by  the  Remo- 
val of  cubic  molecules,'  65.' — ^primary  form  may  ^WHne- 
times  be  developed  by,  79.    '   •       ' 

Clearing  a  crystal,  is  splitting  It,  1; 

Crystal,  A,  defined,  1. 

Crystals,  may  be  split  in  difierent  directitos,'l;^-4Stnrmed  by 
aggregation  of  homogeneous  miflecules,  5. — when'  said 
to  be  in  position)  I7.-^ow  supposed  to  increase  in  size,' 
17. — by  added  molecules  arrtoged  in  plates, '18.-^which 
are  entire  or  defective,  18. — when  defective,  the  de- 
fect is  termed  a*  decrement,  and  a  secondary  plane  is 
produced,  19.  —  and  the  crystal  is  then  said  to  b» 
modified^  94. — their  fonnatibn  attempted  to  be  explaincfd 
by  Mr.  Beudant,  76. — hemitrope  and  intersected^  88. 
— epigene  and  pseudomorphbus,  93. — differing  in  spe- 
cies may  belong  to  the  sAtne  class  or  to  different  classet 
of  primary  forms,  95. — the  nature  of  the  differences  in 
relation  to  different  classes,  96. — misthod  of  reading 
them,  223. — how  to  describe  them,  2f  9. — methods  of 
drawing  the  figures  of,  409  to  438. 

Crystallography,  its  object,  1. 

Cube,  defined,  6. — its  axis^  IS.*— its  molecakf  a  eab€l,-^7.— 

its  relation,  as  shewn  by  cleavage,  to  the  regular octa^ 

'     hedronj  39, 40.*— to  the  rhombic  dodecahedron,  44. — 

•to  the  regular  tetrahedron^  84.-^it8  modifications,  107. 


K 
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Decropent^  ith^eiy  IS^ — ^iabrca^.^b)  18.*— ia  lidi§]|t^l8. — 
simple,  30,67, — ^mixtd^  %lj  67.  produce  plaii^  fome 
of  wbose  edg^s,JMre.pftrallel  to  .spmis  ^dg^  Of  djfg^al  of 
the  primary  form,  67* — ^intermediarj,  23,  69,4pr9dace 
planes,  none  of  av  hose  edfi^s  are  parallel  to  aaj  edge  or 
*  dif^TQiiai  of  the  primary  form,  69* — produce  secosidaiy 
.   planes,  34. — examples  of  the.  manner  in  .which  they 
.  produce  secopdary  .forms,  71.-r-the  causes  by  ^>i(hich 
;^  they  are  occasioned  not  yet  understood,  73;-^may 
possibly  taJ^e  pl^ce  on  secondary  crystals,  .74.— »infla- 
^nced.by  the  pyro-electricity  of  bodies,  76. — Iheir.  des- 
criptive character  in  relation  to  secondary  forms,.  .334. 
theit  relations  to  the  different  classes  of  modifications, 
3^3  to  383. — Calcoiation  of  the  laws  of,  see  Calcu- 
XATiON.— their  effect  explained  in  modifying  cryitalS) 
38&— the  l^ws  of,:  determined  from  the  pandlellism  of 
the  edges  of  crystals,  303. 

Diagonal,  of  a  plane,  defined,  13.-^obHque,  13. — horizonal, 

1       13, 

Diagonal  plane  of  a  solid,  defined,  13*  . 

Dodecahedron,  rhombic,  defiAed,  7. — its  relation   to  the 

cube  as  shewn  by  cleayage^  44»— srits  relation  to  cobic 

molecules,  47, — ^its  cleavages    'e^plplned,  63.-:-6olids 

-prodoced  by  cleavage  do  not  represent  its  molecules, 

64. — its  modifications,  130« 

Drawing  the  figures  of  crystal,  methods  pf,  403,  438^-fthe 
principle  explained,  403  to  406.  .. 


|!dge  of  ^  crystal  defined,  1« 

Edges  of  a  crystal,  terminal,  defined,  3 — lateral^  defined,  3 
— ^similar,  defined,  3 — if  replaced  by  1  plane,  are.  trun- 
cated, 34 — if  by  3  planes,  bevelled,  34. 

Elementary  particles,  defined,  5» 

Elements  of  a  primary  form,  386t 
Epige lie  crystals,  93.  . 

F 

Flufte  of  Lime^  see  Lime^  fluate, 

ffinuj  primary,  defined,  6,  79 — may  semetimes  be  deve- 
loped by  cleavage,  79-r-^reqi|ently.  requires  the  aid  of 
secondary  forms  for  its  determination,.  81  — how  deter- 
mined from  cleavage  or  from  secondary  forms,  81. 


IUDBX.  S06 

FaoMj  pivmwjyAtlieA  into  cJiuMes,  0— ^ebotitt  of  th«  cube, 
6' — ^the.regalar  tetrahedron,  6 — rejpilar  octahedron,  7—* 
rhombU:  %Kiec&hedron,  7-^Hoctahed¥oli  ititli  a  sqaare 
base,  9-r-rectangiilar  bkse,  84-^ombic  biue,  9;-^right 
square  prUm,  d-^right  i^ectAii^lar  |»i4^ai^  9  —  right 
rhombic  pr|8in,-lt)^right  obli^oe-angled  pri^m,  10 — 
.oblique  itiombic  priitn',  1 0>^oubly  oblique  prisni^  J 1 — 
hevagoteal  pYistn,  11 — rhomboid,  ll— h<f«ir  distin'guish- 
t4hy  let^biy  103— Up&abettcal  firrangeiAent  of,  497  to 
49Brr-aiTaDged  according  to  cldsses^  498  to  501. 

Forms,  seccmdarj,  defined,  11, 80 — are  simple  or  compound 
86— p|od«t(e'  new  figares  when  they  envelope  the  pri- 
inary,  86-r-catf8es  prtelacing^  them  not  undemood,  87— 

:  table  of,  ^15.  *      . 

*  *  -•  .  »     .       ,   _ 

G 

Ci^l^tt  wft  L^ad,  sal]phuret; 

.  fl»niom(e<er,  commoo,  described^  26-^refteicti?e,^* 

H.  .•■ 
KaUy's. theory  of  crystals,  84— its  disadvantages,  84.  - 
Htmitrope  crystris,  88. 

Indices  of  Secondary  planes, -^88. 
.Intersected  crystals,  88. 
* '  '* 

L 
Lettd,  siilphiir«t,  its  eleaTa|^,  9t. 
lime,  carbonate,  its  cleayagis^  $8— ilnate^  ho^  it  may  be 

cleaved,  89. 
Linnens  gave  the  first  descriptions  of  crystals,  88. 

Mineral  species  defined,  6. 

Minerals,  on  the  arrangement  of,  489— primary  tbrms  of, 
arranged  alphabetically,  451  to  497 — primary  forms  of, 
arranged  according  to  classes,  498  to  501. 

Modification  of  a  crystal,  'the  alteration  of  form  occasioned 
•  by  secondltry  planes,  94 — Comte  de  Bonmon  first  des- 
cribed crystals  by  their  modifications,  34 — the  same 
method  adopted  by  Mr.  Phillips,  84. 

Modifications^  introduction  to  tables  6f,  95 — are  divided 
into  <dasses,  98*-^-each  class  may  consist  of  many  indi« 
vidual  or  particular  modifications,  98 — ^thelr  differences 
explained,  99--:may  produce  new  figures,  100 — how 
related  to  decrements,  253  to  382«-of  the  cube,  107 — 

38 


/  _• 


:^  tmnn. 

(kpoy  l.i1&;-<ff  tkiMrhniDlitc  dteiMltkBifemi,'tto^N^f  the 
0ctaked|t>9  Wi4h««qatiEe]NDe,  lS6-M>i tkeoelthedron 
vkb,  a  reoii^giilfur  bss^,  UBr^iff  tiie  vrhiliedNMfr  Mrith  a 
tb^lHf;  b^^  .  )k469irQf'  the  nght^qom  f^ritiiiy' H^— of 
the  ri^bt  teotaagiikr  pcism,  lM»-^-4>f  "the  tight  fiiombic 
prUm,  170--Hof 'tke  fight  obliqiie*a«gledl  prisni,  176 — 
of  the.ohluioe  rfamnbie  pnte^  1^0^-^  ih<^  doubly 

the  irh<9idbo|d|  WO*-*mi  the  mppMKMaa  «f  tite  tifehies  of, 

m^  '■•' 

MoljMa4e9^#fet«WieCMi#v8,  S-ndtslingiiiBliid  ftfmi  44«meii* 
^  .Wy  .parlklei,  S^r^ttrnngft  tJiemMiMi  -srouftd  a  single 
central  molecule  in  tbe  first  formation  of  •c^stnl^  17 — 
are  afterwards  added  to  the  sur&ces  of  the  small  crystsd, 
in  plates,  18 — are  separable  at  their  surfaces  by  mecha- 
nical diYision,  36— their  fimas,  in  teikiimk  totb^difet- 
e^cUa^mM  prittaijly  fomoy  97-«*^o£^|tlfelopipeds, 
are  similar  parallelepipeds,  38 — of  the  hexagonal  prism, 
are  triangular  prisms,  3i---of  the  r^alar  tetrahedron, 
regfjac  o^tAbedfon,  aad  rhombic  d'oiepdindtoav  are 
cubes,  51 — of  the  irregular  ocbiiie^vDikiy  ftrepa^t^htr 
prisms,  51 — Haiiy's  theory  of ^  relatirelyto  the  tetra- 
'  hedron  and  all  octah«d)roii%  48  ." <— d  to  tlie.  Thomblc 
dodecahedron,  43->objectton  ttf  Halq^s  ;^eoipy «ffy  49-^ 
new  theory  of,  proposed,  45 — of  the  cube,  regular 
tetrahedron,  regalar  octahedron,  and  rhombic  dodeca- 
hedron, 46 — new  thaA^y  .ef,  rmlBcileillite  with  loMlwn 
,  clei(v4lg^,  .47-^ftacpUn^d!in'iiefarenc^to:<ie^^ 
are  so  minute  as  to  occasion  no  sertslMe^dkAfciiiition  in 
^he  l^l'ianQy  of  pkmes  eonriitiltfd  ttf-  their  ^idgiA  or 
solid  angles,  47. 

N 

Natural  joint  of  a  crystal  is  the  dh-ebtiMi  of  hs  Cl^avftge,  96. 

^I^i|,clei|f  de^f^edf  7ftH^hdw  jDibtunvd  by  dcsiTilfe,' 74. 

O 

Octahcdi^o^,  yegulfwv  defitted»  7^i*^ttia,  l»^t><iMiMtttti 

.  to.  tl^  <H)]>Q  .as  <$h^Miiii.by-€leavag8, 4K)'«^itfif  ^Miim  to  the 

,/  >  tetrsUi^4r(^.^,$)H)wabytilBaiyagQ,40^:4S--i<^H^M^ 

to  cubic  mol^cvlM.  46^^u  cleafagcp  ea^(ato€d^  60— 

i^e-  «Qliik  pitiduMd  by  ckawfe  &  not  Yepi<^e«t  its 

molecu)e^)  64r^hcnr.it  might  be  uitimttleiy produced 

from^  4)l)e;  tet|!sti^ron,  by  tfae>i!e«MVal'0^  Mffoic'mole- 

-     .culfs,^fi4^^ftsimidificatioiim,  11«. 


OcUhedroQ.  wkh  a  square  bate,  defined,  8 — ^its  axis^  13 — 

its  modifications)' tM. 
OdAiiodi^B'Mhareatangttkr^flM^^idefiiied^^^^  13 

—-its  modifications^  138.        • 
Octaliedronwitli.arlMBibic.teM)d4fAiied2  9Mtl  axis,  13— 

its  QU>dification8,  146.       .  ^  ,  . 

^  •  ,  .  ^^ 

PandleUognMS)  defined,  5. 

«ainMopi^,^fiiwd,  H. 

•Pianos  oi^ QrywMiiff  natural,  defined,  l-^leAmge^  1 — termi- 
aal^  it^bsMmA^  S^^sifBiiittr^'^^ttfi^entylN. 

JMdon  irf  4»ystalt,  17. 

Primary  formy  aee  >Fonfi^  f  rimaiy  • 

Prism,  defined,  9 — riglit,  9— obliq^ne,  9. 

Prism,  riglit  squam,  defined,  9^--^^$  atkr,  14--^it8'Riodifica- 
«ti4»w,>ll9. 

Piiiai^  xiglit  notaagttlap,  defined^  9---it»axfS^  14-^18  modt- 
fiontitfns^  IM. 

PrilB^  Jtglit  liifnibio,  4^ned,  lOr-^itsiaxis,  15^lt8  modifi- 
cations, 170* 

Fnn,  grigiit  oMque^nngled,  defined,  10— Its  axis,  id—its 
.  modififia^ria,  176.    . 

Prism,  oblique  riiombic,  defined,  10 — its  axis,  15— ^its  mo- 
difications, 180. 

Prism,  donbly  oblique,  defined,  ll-*->it9  as^^  18«-^its  modi- 

;      dkaftioRS,  19(9. 

Srisaa,  iMsagonsd,  Tegular,  dtfitoed,  11-^its  axis,  16 — its 
aa^efuuie  a  triangular  ^priSin;  SO^itS'ttiodtlcSitions,  1 96. 

Projection,  orthogtaipbicf  euptAinedy  403. 

Fste^MMEfflioits  ^arTBtals,  <^93. 

Pyro-electricity,  76-Tsometimes  infioencesifae  modifications 
of  crystals,  76. 

R 

Rectangle,  defined,  4. 

Rhomb,  defined,  4. 

jBhombic  dodecahedron,  see  *ftd^cahe^on,  rhombic. 

Rhomlioid,  defined,  1 1 — how  produced  by  cleavage  from 
the  hexagonal  prism  of  carl>onate  of  liiiic,  80— its  mo- 
difications, 200. 

Rome  de  L'Isle  produced  the  first  rudiments  of  crystallo- 
graphy, 34* 
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Secondary  form,  tee  FonD,  secoadarj*. 

Secondary  planed  pifNtwced  1>y  decremMits,  M-^-said  to  re- 
place angles  or  edges,  M. .        , 

Slifitlar  edges,  angUs  aad'plaiies,  defined,  3. 

Species,  mineral,  defined,  6*        . 

Square,  defined,  4* 

Structnre  of  crystals,  or  the  order  in  whioh  their  molecules 
'  are  arranged,  illustrated  by.aa  experimeat  with  coiir« 
mon  salt,  53 — this  regular  order  supposed  to  belong  to 
all  regularly  crystallised  bodies,  54^-of  the  cube,  regular 
tetrahedron  and  oqtahedfO|i,and  rhqmblcilod^cahodron, 
explained,  in  relation  to  the  theooyof  cubic  jaolecales, 
46  8c  47 — ^ultimate  relation  ot  tetrahedron  and  octahe- 
dron, 65. 

Sulphate  of  Barytes,  see  Bary tes,  sulphate* 

Symbols,  how  applied  to  distinguish  primary,  forms,- 103 — 
their  chi^cter,  932-*^how  applied  to  denote  secondary 
forms, '236  to  252— arranged  in  tables,  5B 52  to  279— 
denoting  intermediary  deerements,  Compared  with  those 
used  by  llaiiy,  281. 

Symmetry,  general  law  of,  77 — is  sometimes  8uspefi4ed  by 
the  pyro-electricity  of  bodies,  77 — And  by  other  causes, 
78. 

T 

Tangent  plaoe,  defined,  24.  * 

Tetrahedron,  regular,  defined,  6— ^ts  axis,  13-^its  relation 
*  to  the  regular  octahedron  as  shewn  by  cleatage,  40.  to 
42^ts  relation  to  the  cube,  84 — its  relatioii  to  cubic 
molecules,  46 — ^its  modifications, .  1 12. 

Triangle,  equilateral,  defined,  3 — isooeles,  defined,  3^- 
scalene,  defined^  4. 

Truncated  edge  or  angle,  defined,  24. 
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